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A RE-EXAMINATION OF THOREAU’S “WALDEN” 

By EDWARD S. DEEVEY, Jr. 

Osborn Zoological Laboratory^ Yale University; and Department of Biology^ The Rice Institute 


INTRODUCTION 

W HEN we regard Thoreau simply 
as an observer or as a natural 
historian/’ says Burroughs (1), 
“there have been better, though 
few so industrious and persistent. 
He was up and out at all hours of the day and 
night, and yet he saw and recorded nothing new. 

It is quite remarkable He has added no new 

line or touch to the portrait of bird or beast that 
I can recall. ... He had not the detective eye of 
the great naturalist. . . . To the last, his ornithology 
w'as not quite sure, not quite trustworthy.” 

In this paper I propose to show that, however 
untrustworthy Thoreau ’s ornithology may have 
been, his contribution to at least one natural 
science, limnolog>', was original and genuine. 

The bulk of Thoreau ’s limnological observations 
are set down in Walden ^ although some very im- 
portant material is confined to his Journal and 
remained unpublished until long after his death. 
These notes, like his other records of natural his- 
tory, are fragmentary and discursive, conforming 
to no methodical program of study or presentation. 
Nevertheless they have a great intrinsic interest 
for the ecological reader, and a renewed acquaint- 
ance with Walden prompted a journey to that lake, 
the results of which are described below. 

The field observations were made on August 6, 
1939, during a brief holiday from the Biological 
Survey of Connecticut lakes then being conducted 
by the Connecticut State Board of Fisheries and 


Game. The technical and analytical methods 
used are referred to elsewhere (2). I am deeply 
indebted to Professor G. E. Hutchinson for in- 
valuable advice and encouragement, for investigat- 
ing the history of the discover}^ of thermal strati- 
fication, and for the collection of a w^ater sample 
from Walden Pond on July 16, 1939. My wife, 
Georgiana Baxter Deevey, rendered indispensable 
assistance in the field and in the laboratory. 
Facilities and equipment were generously provided 
by the Osborn Zoological Laboratory’, and acknowl- 
edgment is made to the ofiicials of the Rice Insti- 
tute Library’ and the Mirabeau B. Lamar Library 
of the University of Texas for many courtesies. 
The manuscript has been read by Dr. A. D. 
McKiUop, of The Rice Institute, and by Dr. 
Henry Seidel Canby, editor of The Saturday 
Review of Literature, 

LIMNOLOGY OF WALDEN POND 

Location and hydrography 

The lake on whose banks Thoreau spent two of 
the most profitable years of his life (from July 4, 
1845 to September 6, 1847) is in the town of Con- 
cord, Massachusetts, where he w’as bom. The 
physiography of the Concord region bears witness 
to the activity of the Pleistocene ice sheets, as 
may be seen by inspection of the U. S. Geological 
Survey topographic map (Framingham quad- 
rangle). Fig. 1, based on part of this map, shovrs 
the disorganized stream pattern and abundant 
undrained depressions so characteristic of a glad- 
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ated landscape. Walden Pond, a seepage lake, is visit, it was essential to make another. The pro- 

situated at an elevation of about 140 feet. The cedure adopted was the one used in limnological 

fact that the lake fills the bottom of a closed surveys of Connecticut lakes (2); an aerial photo- 
basin whose walls rise steeply nearly forty feet graph was obtained from the Fairchild Aerial 

above the shore line suggests that the concavity is Surveys, Incorporated, and the outline traced, 

of kettle origin; this h3^thesis is supported by the Lines were chosen between conspicuous points on 

morphometry of the lake, but time did not permit the lake shore, and soundings made at intervals of 

the m a k i n g of any geomorphic studies. ten oar strokes, using a lead weight lowered from a 



Fig. l: Sketch Map of Thoreau’s 'Take District,” Based on U. S. Geological Survey Topographic Map 

(Fraionghak Quadrangle) 

Because he was amused by the local legend that hand winch on music wire. The lake is small and 
Walden Pond is of infinite depth, and to satisfy well protected from wind, and so this method may 
his highly individual curiosity about the lake, be expected to give unusually reliable results. 
Thoreau was at pains to sound it “with compass The map is shown in Fig. 3. 
and chain,” in the winter of 1846, and plotted The similarity between the two maps is in some 
his results on an outline map. This map, which respects so close as to be startling (previewed it is 
is reproduced in Fig. 2 by courtesy of the Hunting- re^zed that, by modem convention, T|ioreau’s 
ton Library, was published in the first edition of map is “upside down”). It is certain that the 
Walden but was withdrawn from later issues, outline map used by Thoreau was his own, for a 
As this map was inaccessible at the time of my county map published by H. F. Walling in 1852 










THE QUARTERLY REVIEW OF BIOLOGY 


4‘ 

hectares. The agreement may be deceptive, as a 
slight error is inherent in the determination of the 
scale of the aerial photograph, but the comparison 
offers valuable testimony to Thoreau’s competence 
as a surveyor. 

With the entire winter at his disposal, Thoreau 
(4) had time to make over one hundred soundings, 
seventy-five of which are shown on his published 
map ; only forty-nine were made in 1939. Morpho- 
metric comparisons based on these soundings are 
very instructive, not only because they betray 
Thoreau’s inexperience in such work, but for the 


TABLE 1 

Morphometric data for Walden Pond 
1939 


CONTOT7B 

m 

AREA WITHIN 
m* 

ASEA BETWEEN 

m* 

VOLUME 

m* 

0 

248,200 

25,600 

470,600 

2 

222,600 

21,900 

423,200 

4 

200,700 

20,100 

381,100 

6 

180,600 

19,300 

341,500 

8 

161,300 

16,600 

305,800 

10 

144,700 

20,100 

269,100 

12 

124,600 

20,900 

228,000 

14 

103,700 , 

17,100 

190,000 

16 

86,600 1 

16,100 

156,900 

18 i 

70,500 

12,000 

128,900 

20 

58,500 1 

10,100 

106,800 

22 

48,400 

9,200 

87,500 

24 

39,200 

10,300 

74,500 

26 

28,900 

15,000 

41,900 

28 

30 

13,900 

4,100 

9,800 

17,100 

1,250 

3,224,150 


Mean depth 13.0 m. 

Perimeter 2 , 535 m. 

Shoreline development 1.75 


50 per cent of volume covered by 6-m. 
contour. 

insight they give into the reliability of the more 
convenient method. The modem limnologist re- 
quires a bathymetric map in order to compute areas 
and volumes at different depths. For the deter- 
mination of these values soundings in the deepest 
water are less important than those in shallow, 
since the volume covered by the deeper isobaths 
is small. In emphasizing the depths of the lake 
basin Thoreau neglected the shallows, which can 
be defined with greater confidence from the later 
map; when he said (5) ^^there is a bar across the 
entrance of our every cove, or particular inclina- 


tion; each is our harbour for a season/’ he either 
exaggerated the probable extent of the bars in 
question or referred to unpublished soundings. 
Inspection of all available data indicates that the 
subsidiary basin shown by Thoreau’s profile AB 
is in reality an irregular extension of the 20-meter 
contour to the southeast beyond the form shown 
in Fig. 3. Areas calculated from a map incorpor- 
ating all soundings differ from those based on the 
1939 map by a maximum of 29.6 per cent; this 
figure represents the difference between the 30- 
meter contours, which are almost negligibly small, 
and the maximum discrepancy for contours above 
28 meters is 8.1 per cent. Values for lake volume 
estimated from the two maps differ by only 0.6 
per cent. 

It is interesting that the maps agree upon the 
maximum depth, which Thoreau found to be 31.1 
meters, and I found to be 31.3 meters. As varia- 
tions of the lake level amounting to two meters or 
more are known to occur (6), this approximation 
may be put down in part to coincidence, but the 
two soundings were made at almost exactly the 
same spot. Thoreau (7) noted that this point 
marks the intersection of the lines of maximum 
length and breadth, and speculated on the possi- 
bility that this phenomenon is a general one. 

The morphometric data, calculated from planim- 
eter measurements of the 1939 map, are set forth 
in Table 1. 

Temperatures 

Thoreau frequently had recourse to a thermom- 
eter in answering his questions about nature, and 
his knowledge of physics enabled him to make some 
sound inferences about the melting of lakes in the 
spring. He noted the rise in water temperature 
beneath the ice over shoals, ascribed it to back- 
radiation from the bottom, and correctly deduced 
that the difference in time of melting between 
Walden and Sandy Pond arises from their differ- 
ence in depth (8). The natural history of ice has 
seldom been so glowingly described as in the pages 
of Walden. His most significant physical observa- 
tions, however, may be found in the later Journal 
(9), where under date of August 22, 1860, he 
records the discovery of the thermal stratification 
of Walden Pond. The method employed was 
crude ; he filled a bottle with water from the surface, 
stoppered it, and after lowering it to the bottom, 
allowed half an hour for the establishment of 
thermal equilibrium. The temperature was re- 
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corded after raising the bottle. Unfortunately 
only two determinations, at 50 and 100 feet, were 
thus made, and on the mistaken but natural as- 
sumption that the fall in temperature with depth 
was linear he calculated the average decrease to be 
one degree Fahrenheit in five feet (10). The bio- 
logical importance of his discovery did not escape 
Thoreau, who remarks, “How much this varied 
temperature must have to do with the distribution 
of fishes in it! The few trout must oftenest go 
down below in summer.” 

Because of its unusual depth and sheltered situa- 
tion Walden Pond has an exceptionally cold hypo- 
limnion; the temperature at 30 meters in August, 



Fig. 4. Limnological Data for Walden Pond, 
August 6, 1939 


1939, was 5.26 degrees Centigrade, as measured 
with a reversing thermometer. In other respects 
the temperature curve shown in Fig. 4 is normal. 
Walden, however, acquires a surprising amount of 
heat during the summer season. The annual heat 
budget can not be calculated without a series of 
winter temperatures, but the wind-distributed 
heat, or summer heat income (assuming homo- 
thermy at 4®C.) amounts to 17,300 calories per 
square centimeter of lake surface. This value is 
considerably in excess of any observed in Connecti- 
cut lakes; Wononscopomuc Lake, which closely 
resembles Walden in depth, has a summer heat 
income of only 10,800 cal. per sq. cm., and the 


largest value observed was 12,800 cal. per sq. cm. 
in the somewhat shallower but larger East 
Twin Lake. 

None of these lakes is of the first thermal class, 
in which Birge (11) placed lakes “whose size and 
depth are such as to permit [them] to acquire the 
maximum amount of heat possible under the 
weather conditions of the season.” Such lakes in 
the eastern United States have summer heat in- 
comes of at least 24,000 cal. per sq. cm., and annual 
heat budgets between 30,000 and 40,000 cal. per 
sq. cm. Tressler and Bere (12) have recently 
shown that the limits of area and depth set by 
Birge for first-class lakes are too high; Sylvan Lake, 
New York, with an area of 50.6 hectares, a maxi- 
mum depth of 38 meters, and a mean depth of 21.6 
meters, had a summer heat income of 24,000 cal. 
per sq. cm. in 1936. These figures must be re- 
garded as the lower limits in the present state of 
our knowledge, and it is clear that Walden does 
not quite attain this rank, although it approaches 
it more closely than any other small New England 
lake yet studied. 

Transparency 

One of Walden ^s major charms for Thoreau 
lay in its exceptional clearness — he found that 
“the water is so transparent that the bottom can 
easily be discerned at the depth of twenty-five to 
thirty feet” (13) . It was impossible to corroborate 
this determination in 1939, as the Secchi disc was 
not lowered until late in the afternoon, in a part of 
the lake made noticeably turbid by the activities 
of nearly a thousand Sunday bathers. The read- 
ing of 6 meters is obviously not reliable under these 
circumstances, but that the lake is unusually trans- 
parent is made certain by the fact that living speci- 
mens of Foniinalis came up with the sounding 
w^eight from depths as great as 15.7 meters. This 
moss is presumably the “bright green w^eed .... 
brought up on anchors even in midwinter” (14). 
Thoreau also records aquatic vegetation from 
below^ 12 meters in WTiite Pond, and his queried 
identification (15) of the plant as NUdla gracilis 
is no doubt substantially correct. 

Observations of much greater depths for 
“rooted” plants are of course on record; Hasler 
(16) has recently noted water mosses from 120 
meters in Crater Lake, Oregon, but casual records 
indicate a maximum depth of only 12 meters for 
the growth of vetetation in Connecticut lakes. 

The color of the water is 5 (on the U. S. G. S. 
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scale) throughout the lake except in the bottom 
layer; this lack of appreciable contamination by 
allochthonous organic matter is largely responsible 
for the high transparency (17). 

Nutrient content 

The mean of two determinations, in July and 
August, 1939, shows the total phosphorus content 
of the surface waters of Walden to be very low, 11.5 
mg. per cu. m. This condition may be partly due 
to the fact that the lake is fed solely by ground 
water, but the regional lithology is such that Con- 
cord lakes may be expected to resemble those of 
the Connecticut highlands in being oligotypic for 
phosphorus. The above figure is below the mean 
content of forty-nine Connecticut and New York 
lakes, and falls between the regional means for the 
Eastern and Western Highlands (2). The soluble 
phosphorus was not measured. 

The mean surface nitrate content is 20.5 mg. 
per cu. m. In default of more extensive data this 
figure has no great significance, as the supply of 
available nitrogen fluctuates through wide limits 
during the sununer. The potential nitrogen en- 
dowment of a lake can sometimes be estimated 
from the winter nitrate, but no winter analyses are 
available for Walden. 

Biological productivity and oxygen deficit 

That Walden is a relatively unproductive lake 
was appreciated by Thoreau, who observed the 
scanty crop of littoral vegetation, the absence of 
organic sediment except in the deepest water 
(where he correctly attributed its existence to de- 
composing forest leaves), and the ‘^purity” of the 
water. He also realized that food chains are thus 
affected, “you think that they must be ascetic fish 
that find a subsistence there” (18); and he points 
out that the larger but comparatively shallow 
Sandy Pond (Fhnt’s Pond) supports an abundance 
of aquatic vegetation, is “not remarkably pure,” 
and “is more fertile in fish” (19). 

Walden water is indeed “pure” in respect to 
its plankton content. Plankton counts have not 
been made, but two analyses of the chlorophyll 
present in the surface water give a mean value of 
3.64 mg. per cu. m. (20), and the Forel-Ule color of 
the lake is 3. Walden thus closely resembles the 
lakes of the Eastern Highland of Connecticut in 
its summer phytoplankton crop (2). The total 
seston has been estimated gravimetrically from 
the residue after filtration through a 35-3econd 


membrane filter, and found to be extremely low, 
0.5 mg. per liter; the amount of ash in this amount 
of seston was not detectable, so that the same figure 
represents the organic matter in the seston. No 
quantity as low as this has been recorded from 
twenty-four Connecticut and New York lakes, but 
Birge and Juday (21) report values as low as 0.23 
mg. per 1. for centrifuge plankton, which is com- 
parable to the membrane filter residue, in north- 
eastern Wisconsin lakes. Expressed on an areal 
basis, the observed plankton crop amounts to 
0.65 mg. per sq. cm., or 65 kilos per hectare, but 
this can not safely be taken as an average pro- 
ductivity. 

The oxygen curve, as shown in Fig. 4, is es- 
sentially of the oligotrophic type; the total oxygen 
content of the hypolimnion is nearly as great as 
that of the epilimnion, the ratio Q 2 H/O 2 E being 
0.73. The curve is further characterized by a 
maximum in the thermocline. The latter feature 
gives additional evidence of the transparency of 
the lake, since such maxima are commonly pro- 
duced by the photosynthetic activity of phyto- 
plankton organisms concentrated below the 
epilimnion in the hydrodynamically more stable 
thermocline, and are not found in lakes in which 
the compensation point normally lies at a higher 
level (22). 

The oligotrophic form of the curve may with 
some justice be attributed to the relatively large 
volume of the hypolimnion, and it is necessary to 
calculate the areal hypolimnetic oxygen deficit in 
order to evaluate the fundamental productivity of 
the lake from the oxygen data (23). Taking the 
h 3 ^ 1 imnion as beginning at 10 meters, and as- 
suming the vernal circulation to have begun on 
April 1 (Thoreau ^s average date (24)), the oxygen 
deficit observed on August 6 appears to have been 
generated at the rate of 0.0173 mg. per sq. cm. 
of hypolimnion surface per day, or 0.52 mg. per sq. 
cm. per month. This single determination of the 
increment is not altogether reliable, since estimates 
of the deficit in small lakes, particularly in those of 
unusual transparency, tend to be minimal (25); 
but when taken in conjunction with the low stand- 
ing crop of plankton, the calculation indicates 
that Walden is a mesotrophic lake. This fact 
might have been predicted from the geologic 
similarity between the Massachusetts upland and 
the Connecticut highlands. Walden, like the 
lakes of the latter provinces, is unproductive by 
comparison with those of southeastern Wisconsin 
(23), or the Connecticut Valley Lowland (2), but 
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more productive than the mountain lakes of 
Norway (26). 

AlkalinUy and iron 

The surface bicarbonate content of Walden 
(9.7 mg. per 1) is very low, as might be expected 
in a seepage lake, and this fact serves to rank it as 
a soft-water lake. A statistical examination of 
Connecticut lakes makes it seem highly probable 
that low alkalinity has no adverse effect on phyto- 
plankton production (2). 

Walden resembles other mesotrophic and oligo- 
trophic lakes in the uniform character of its al- 
kalinity curve (Fig. 4); eutrophic lakes (for 
example, Linsley Pond, Connecticut) frequently 
show a rise in bicarbonate content in the hypolim- 
nion, due to the acquisition of ferrous and other 
non-alkali bicarbonates from the mud and their 
delivery to the open water by density currents 

(27). The low content of total iron, as shown in 


TABLE 2 
Total iron 


DKPTH 

Fe 

0 m. 

0.045 mg./l 

20 

0.00 

25 

0.00 

30 

0.30 


Table 2, also demonstrates that this process is 
quantitatively unimportant in Walden. 

Bottom fauna 

Although the examination of Walden was made 
too early in the season to obtain limiting values of 
the oxidation-reduction potential, the above facts 
enable one to affirm that the typical Chironomid 
larva of the profundal zone should be either a 
species of Tany tarsus or the ‘^mesotrophic Chi- 
ronomus'* found in similar lakes in Connecticut 

(28) . Analysb of two Ekman bottom samples 
from 28.2 and 23 meters indicates that the char- 
acter-form is “mesotrophic Chironomus.^* This 
larva lacks the ventral blood gills regarded as 
characteristic of the genus Chironomus by Lenz 

(29) , and is known to occur on the bottoms of 
lakes showing values of the redox potential inter- 
mediate between those of t5q)ical Tanytarsus and 
typical Chironomus lakes (28). 

Reliable conclusions as to the abundance of 
bottom organisms can not be drawn from the two 


samples taken, but the data appear to reflect a low 
to moderate benthic productivity. In addition to 
Chironomus^ all instars of which were present in 
the 23-meter sample, the observed fauna comprises 
several Chironomid larvae of the sub-family 
Tanypodinae, a few larvae and pupae of Chaoborus^ 
and some Tubificid Oligochaets. Cyst capsules 
characteristic of the Harpacticid copepod Cantho- 
camptus staphylinoides were frequent (30), but none 
appeared to be occupied. No molluscs were en- 
countered, nor were any Tanytarsus tubes foimd. 

The sediment of the profundal zone is a typical 
ooze, and the washed samples contain a high 
proportion of fragments from the leaves of decidu- 
ous forest trees. The presence in the residues of a 
small amount of carbon, evidently derived from 
the soot of passing locomotive engines, would have 
been interesting but scarcely surprising to Thoreau, 
who resented the intrusion of the nearby railroad. 

Limnological summary 

Walden Pond, an unusually deep soft-water 
seepage lake in the Massachusetts upland, is ex- 
ceptionally transparent, acquires a large amount 
of heat during the summer season, and closely 
resembles the lakes of the Connecticut highlands 
in its low phosphorus content, low plankton crop, 
and generally low biological productivity. The 
oxygen curve reflects an oligotrophy (or meso- 
trophy) which is in part of morphometric and in 
part of edaphic character. The quantitatively 
moderate bottom fauna is dominated by “meso- 
trophic Chironomus*^ larvae . Many limnologically 
important facts about Walden were first stated 
by Thoreau. 

THOREAU*S PLACE IN SCIENCE 

Thoreau ’s supremac}* as an observer of nature 
among American men of letters has never been 
seriously questioned since the publication of 
Walden^ and even John Burroughs, who complains 
of the lack of originality in his master’s ornithology, 
finds much to admire in his descriptions. It is 
strange, therefore, that most of his critics, and, 
one must suppose, most of his readers, have con- 
fined their attention to other facets of his many- 
sided genius. Leaving aside the other biographies 
and critical studies, it is sufficient to recall that 
Canby, perhaps the most discerning and certainly 
the most widely-informed of Thoreau’s biog- 
raphers, finds his present-day importance to lie 
chiefly in his moral criticism (31). 
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It is truej as Canby says, that Thoreau speaks 
with a homely and original eloquence to readers of 
many sorts, so that many biographies of the 
Yankee ‘‘hermit” could be written, each with a 
different and defensible point of view. The 
biologist, however, must be expected to feel his 
attraction principally in the sphere of his natural 
science, and to assess his significance from the 
lectern of special knowiedge. 

It has been shown that Thoreau’s curiosity was 
unusually fruitful when directed toward lakes; it 
is remarkable that this fact appears to have escaped 
the notice, not only of historians of Hnmology (32), 
but of his scientific contemporaries. Limnology, 
as a separate science, is usually considered to begin 
with the work of Forel, in 1868, and, except for 
scattered reports primarily of a taxonomic nature, 
American linmology was not properly established 
until after 1890. Thoreau’s observations, at 
least those embodied in Walden, were published 
in 1854, so that the Concord individualist may with 
justice be called the first American limnologist. 
His independent discovery of thermal stratifica- 
tion remained in manuscript until 1906, but in 
any case was antedated by the work of DeSaussure, 
de la B^e, Brunner and Simony, who had eluci- 
dated the fundamental principles of the tempera- 
ture distribution in lakes during the latter third 
of the eighteenth and first half of the nineteenth 
centuries (33). 

The neglect of Thoreau’s writings by the scien- 
tific world is undoubtedly due to a pardonable dis- 
trust of his philosophy. Although he was a 
corresponding member of the Boston Society of 
Natural Histoiy, an enthusiastic botanist, and a 
friend of Louis Agassiz, Thoreau never thought of 
himself as a scientist, but rather as “a mystic, a 
transcendentalist, and a natural philosopher to 
boot” (34). According to Sanborn, while Agassiz 
enjoyed Thoreau’s society, “the poet avoided the 
man of science, having no love for dissection” 
(35). His works abound in impatient references 
to the desiccated concepts and vestigial insight of 
science; in a revealing passage in his Journal he 
rejects what would now be called “phototropism” 
as an explanation for the turning of plants toward 
the sun, preferring a more mystical causality (36). 
“I hate museums,” he says, “they are the cata- 
combs of nature” (37). “The inhumanity of 
science concerns me, as when I am tempted to kill 
a rare snake that I may ascertain its species. I 
feel that this is not the means of acquiring true 
knowledge” (38). “What sort of science is that 
which enriches the understanding, but robs the 


imagination? . . . Just as inadequate to a pure 
mechanic would be a poet’s account of a steam 
engine” (39). “Which are the truest, the sublime 
conceptions of Hebrew poets and seers, or the 
guarded statements of modem geologists, which we 
must modify or unlearn so fast” (40) ? Such senti- 
ments show as clearly as his more intricate para- 
graphs Thoreau’s largely unconscious kinship with 
German romanticism (41) ; they represent a rever- 
beration of NaturphUosophie. 

Although his thought is steeped in an idealism 
which the modem biologist can only regard as 
unfortunate, Thoreau’s wide-ranging observation 
embraced much that was new, and his reflections 
frequently are cautious, objective, and ingenious; 
he w''as a genuine scientist, if only at intervals. As 
he was a “self-appointed inspector” of the Concord 
environment, his science as a rule is more dis- 
tinguished for its scope than for its profundity. 
His researches led him into such diverse disciplines 
as plant ecology, systematic botany, animal be- 
havior, ichthyolog>% anthropology, and geomor- 
phology, in addition to limnology. Yet his ver- 
satility, even though hampered by a meager 
technical facility, did not result in a futile expendi- 
ture of his energies. 

Thoreau’s botany has usually been regarded as 
his chief claim to scientific eminence. But it is 
as a plant ecologist, not as a systematist, that this 
claim is justified. It seems strange that he first 
made the acquaintance of Rhododendron nudiflorum 
in 1853 (42); in reading the Philosophia Botanica 
of Linnaeus, however, his interest was principally 
aroused by the ecological classification of plant 
habitat (43). In one of the last lectures delivered 
before his death he spoke to the Middlesex Agri- 
cultural Society on “The Succession of Forest 
Trees” ; though he overemphasized the reversibility 
of plant succession, having observed that pine 
forests usually succeed oak after cutting, his con- 
clusions remain essentially unaltered after sixty 
years of intensive labor by competent botanists. 
His view of the dynamics of plant succession was 
not confined to short-term processes. He not only 
plumbed the depths of all the bogs known to him, 
realizing that they were merely senescent lakes, but 
correctly ascribed the formation of the floating mat 
to ericaceous shrubs as well as to Sphagnum (44). 
While Thoreau can not be said to have introduced 
the subject to science, it appears that no important 
studies of ecological succession were made in 
America for more than thirty years after his 
memorable lecture (45). 

Many notes on forestry problems made after 
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the delivery of the lecture are incorporated in the 
Journal^ and the last volume is notable for a re- 
markably acute investigation of the growth of 
the pitch pine (46). Thoreau appreciated fully 
the uses of tree-ring analysis, and although the 
growth curves constructed from his data appear to 
have remained in his head, he understood their 
value in ascertaining the most productive period 
in the life of a stand. It is probable that such 
studies were meant when he wrote to a corre- 
spondent, “if I w'ere to live, I should have much to 
report on Natural History generally” (47). 

These truly scientific observations, and many 
more of equally astonishing perception, were made 
by a “poet-naturalist,” a disciple of Emerson, and 
an accepted member of the Concord coterie of 
transcendentalists. This paradox implies either 
that he was alternately scientist and mystic, or 
that being both, he was neither. It has been said 
that “if Emerson had not spoiled him, Thoreau 
w'ould have made a good naturalist” (48). On the 
other hand, Canby expresses the opinion that after 
the years at Walden, Thoreau was increasingly 
drawn toward science, but that he was unfortunate 
in falling under the influence of Agassiz, a taxon- 
omist (49). This view’ fails to do entire justice to 
the promulgator of the Glacial Theoiy, a superb 
naturalist whose thinking was no less philosophical 
than Darwin’s (50). But at bottom Thoreau ’s 
scientific difliculties were of his own contriving, 
and it is unfair to suggest that he was subverted by 
anyone. If he mistook the means of scientific ob- 
servation for its end, and thus remained blind to 
the advantages of technique, the fault lay partly 
in the formal curriculum of Harvard College, and 
partly in his innate distaste for empiricism. Were 
all such sfxjculations not idle, one might agree 
with Canby that the world lost a first-rate scientist 
when Thoreau did not go to Yale, and thus failed 
to meet Benjamin Silliman. 

It is clear, however, that Thoreau ’s philosophy 
underwent a change as the habit of observ^ation 
became more fixed, and the later Journal reveals a 
mind increasingly preoccupied with nature for its 
own sake and emancipated from the search for an 
esoteric truth. This alteration is merely implicit; 
murmurs of the Over-Soul can be detected as 
plainly in the later writings as in the earlier, and 
as late as 1860 he announced “I am in the lecture 
field — but my subjects are not scientific — rather 
transcendental and aesthetic” (51). But such 
statements decrease in number toward the end of 
his life, and it seems likely that only his premature 
death obstructed a “working synthesis of science 


and Transcendentalism” (52). In its diversion 
from occultism toward nature Thoreau ’s career 
offers a refreshing contrast to that of many able 
scientists. Canby contends that the Journal 
represents the unfinished note-sheets for a monu- 
mental contribution to geography, based on an 
exhaustive study of the natural history of man in 
Concord (53). This task, as Thoreau conceived 
it, was superhuman, and scarcely to be accom- 
plished by a man who died at forty-four. 

But if it be admitted that Thoreau ’s mysticism 
is indefensable, and his science handicapped by his 
unwillingness to use a valid methodology, his works 
can nevertheless appeal to a wide biological audi- 
ence. In his vigorous description of natural phe- 
nomena Thoreau stands almost w’ithout a peer, 
and modem biological literature w’ould gain much 
by emulation of his style and diction. Science has 
devised no substitute for the charm of his locution, 
as w'hen he says “thus in the course of ages the 
rivers wriggle in their beds, till it fc*cls comfortable 
under them” (54), or speaks of the “maple succeed- 
ing because it does not mind a wet foot” (55). 
A pearl is for him “the hardened tear of a diseased 
clam, murdered in its old age” (56), and he dis- 
cusses the “solvency of sand banks” (57). In 
a noteworthy example of his wit, he pays his 
respects to those who “believe in the bottomless- 
ness of a pond without taking the trouble to sound 
it”; “Some who have lain flat on the ice for a long 
time, looking dow’n through the illusive medium, 
perchance with water>’ eyes into the bargain, and 
driven to hasty conclusions by the fear of catching 
cold in their breasts, have seen vast holes ‘into 
which a load of hay might be driven,’ if there were 
anybody to drive it, the undoubted source of the 
Styx and entrance to the Infernal Regions from 
these parts. Others have gone down from the 
village with a ‘fifty-six' and a wagon load of inch 
rope, but yet have failed to find any bottom; for 
w’hile the ‘fifty-six’ was resting by the w^ay, they 
were paying out the rope in the vain attempt to 
fathom their truly immeasurable capacity for 
marvellousness” (58). 

Thoreau ’s pages are made vivid by such sen- 
tences, and although many passages have become 
classic, for e-xample those dealing with his en- 
counter with the woodchuck and the compotation 
of the bullfrogs, and have found their way into 
compilations, the best of him, after Walden, is 
still to be found only in the Journal. No natural 
scientist need be so offended by Thoreau ’s perverse 
misunderstanding of the function of science as to 
neglect him. WTiile the Yankee philosopher, 
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largely by accident and in spite of his philosophy, 
occasionally surpassed his more stolid contem- 
poraries at their own profession, the modem reader 
will rank him with Sir Thomas Browne and W. H. 


Hudson as a highly gifted amateur, whose scientific 
achievements are not to be despised because they 
were intermittent, and related in imaginative 
prose. 
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I T IS a well-known fact that most types of 
free-swimming Metazoa swim in character- 
istic positions. The body has usually a dorsal 
and a ventral surface, and the more typical 
animals swim with the back directed up- 
wards. Some forms adopt the opposite position, 
with the back directed downwards, and there are 
various other orientations characteristic for certain 
species. 

In many cases the normal position is maintained 
by an active reflex mechanism, which may be as- 
sociated either with statocysts or with a response 
to light. Light, however, is often absent, and 
there are a large number of invertebrates in which 
statocysts have not been found. Proprioceptive 
orientation might occur, or orientation based on 
some special sensitivity to currents, but as yet wc 
have no adequate evidence to support these pos- 
sibilities. 

It is particularly in the absence of any reflex 
orientation to stimuli that purely mechanical 
forces may be important for controlling the swim- 
ming position of an aquatic animal. In the present 
paper the discussion will center mainly on the 
various types of such mechanical orientation w'hich 
theoretically might occur. The possible role of 
proprioception will be discussed briefly towards the 
end. 

Although a large number of authors have ap- 
preciated that mechanical forces may be con- 
cerned in the swimming position of an aquatic 
animal, attempts to analyse these forces have not 
been satisfactory. There has been some valuable 
work on such topics as propulsive mechanisms and 
directional stability (see, for example, papers on 
fish by Magnan, 1929, 1930; and by Harris, 1936, 
1937, 1938). But very little has been done on the 
mechanical factors which would favor return to a 
stable position. Perhaps the best papers in this 


field are those of Bethe (1894, 1910) and Woltereck 
(1913). These, however, do not give a complete 
picture, and most later authors have underesti- 
mated the complexity of the problem, frequently 
reaching conclusions which were not justified by 
the experimental evidence available. There ap- 
pears to be a real need for a simple statement of 
the nature of the problem, if for no other reason 
than to serve as a gentle caution. To supply this 
need it seems best to make the treatment as ele- 
mentary as possible, perhaps to the disappoint- 
ment of those who have any real appreciation of 
aero- or hydrodynamics. 

POSSIBLE IMPORTANCE TO THE ANIMAL 

At the outset it is perhaps appropriate to en- 
quire what features of importance a stable position 
may possess for the swimming animal. One of the 
most obvious of these is to be seen when the spe- 
cific gravity of the animal is greater than that of the 
water in which it lives. Such an animal will tend 
to sink, and this tendency must be resisted by some 
mechanism, for which it is important that the 
animal remain orientated with the correct side up. 
If the body becomes turned upside down the 
mechanism will act the wrong way, unless the 
animal is able to perceive its predicament and to 
reverse the mechanism. 

Another important effect of a stable body posi- 
tion concerns the angle or direction of the swim- 
ming path in relation to the horizontal. If the 
body tends to lie in one particular position, any 
chance tip of the anterior end up or down will 
automatically be corrected, unless special steering 
organs are employed. The swimming path will 
thus remain at a more or less constant angle to the 
horizontal, with certain advantages to the animal 
which the ecologist will readily recognize (see, for 
example, Woltereck, 1913). From the normal 
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path the animal should be able to steer up or down 
at will, following some chosen direction with re- 
spect to the horizontal, without any need for a 
special sense to aid in orientation. 

When the mechanically favored path is more 
vertical than horizontal the animal may appear to 
show positive or negative geotaxis. This fact has 
been recognized by former authors, and indeed 
mechanical control forms the basis of one of the 
theories advanced to account for geotaxis, as listed 
by Parker (1922) and by Dembowski (1929). It 
may be noted, however, that the theory has rarely 
if ever been found to supply the whole explanation 
for geotaxis in a given aquatic animal, although in 
the case of the ciliate, Paramaeciuniy Dembowski 
(1931) has found that the theory will hold under 
certain special conditions. 

In many animals the position of the body may 
affect not only the vertical inclination of the 
swimming p)ath but also the directional stability 
for turns in the horizontal plane. This is parti- 
cularly obvious in the case of animals which are 
laterally compressed. Typically there are certain 
vertical surfaces which offer a resistance to any 
tendency on the part of the animal to deviate to 
the left or right. If, however, the body tips over 
onto one side, these surfaces can no longer offer 
this resistance, and directional stability in the 
horizontal plane will probably be much reduced. 
The matter can be one of some importance to the 
animal because to wander in circles in a horizontal 
field may reduce the opportunities for finding 
fresh food, a mate, or other necessities in the 
environment. 

For some animals it is possible that maintenance 
of the normal body position is of direct importance 
for health. If the animal were to lie too long in an 
abnormal position, there might be changes in in- 
ternal organization, or some interference w4th 
organic function. Parr (1927) and Breder and 
Harris (1935-6) have claimed that this may ac- 
tuaUy be the case in certain fish. 

For aquatic animals which live near the surface, 
or near the bottom, there may be yet other ways 
in which the maintenance of a stable swimming 
position can be significant, in connection with 
functions such as feeding and respiration. In 
some cases it is possible that animals swimming at 
intermediate depths may be able to catch sinking 
food particles better when lying in one position 
than when in another. Indeed for a majority of 
the free-swimming animals there are probably 


several ways in which the swimming position is of 
importance, depending on the habits and en- 
vironment of the species concerned. 

It must be understood, however, that mechanical 
stability of position need not be wholly advan- 
tageous. If this were so we might expect that all 
swimming animals would be specially weighted 
along the lower surface. Such is not the case, 
probably largely because of the fact that too much 
stability reduces the ease with which the animal 
can manoeuvre. Some animals may be designed 
something like the modem transport aeroplane, 
with good stability, but without the capacity for 
turning rapidly in ever>^ direction. Others, more 
particularly those of more complex organization, 
will probably be much more like the fighting aero- 
plane, having the mechanical stability largely re- 
placed by nervous control, and with well developed 
powers of turning rapidly in ever>^ sense required. 
In the case of fish it is known that many species 
rest in a position of slightly unstable equilibrium, 
maintaining the delicate balance by constant 
movements of their fins. It is tempting to suggest 
that the need for constant balancing has some sur- 
vival value, serving to keep the fish alert, and ever 
ready for rapid movements in any direction. 

BASIC TYPES OF MECHANICAL ORIENTATION 

The forces which act upon the body of a swim- 
ming animal may be arranged in various ways. If 
the animal swims in some constant orientation 
relative to the axes of the earth, it is probable that 
this position will be one of equilibrium, in which all 
the forces balance. A chance rotation away from 
this orientation will disturb the balance, with the 
result that the body will cither tend to rotate 
further, or will return to the original position. In 
the present section of this paper a discussion will be 
presented of the various arrangements of forces 
which might serve to control and maintain such a 
constant orientation. To simplify the problem the 
discussion will be illustrated by reference to simple 
geometrical bodies, rather than to the more com- 
plicated conditions which occur in actual animals. 

The type of mechanism which first springs to 
mind is one in which the center of gravity tends to 
lie beneath a center of support. When the body is 
one with a specific gravity equal to that of the sur- 
rounding w^ater, the support is wholly provided by 
the upward force of “buoyancy”, acting through 
the center of buoyancy or center of mass of the dis- 
placed liquid, and equal in magnitude to the weight 
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of this liquid. If the body is of uniform density its 
centers of gravity and buoyancy will coincide, and 
it will float submerged in any position in a state of 
indifferent equilibrium. If, however, the body is 
not of uniform density the center of gravity will 
probably be displaced and the body will tend to 
float with this center vertically below the center of 
buoyancy (Fig. 1). Any chance rotation away 
from this position would establish a torque between 
the upward force of buoyancy and the downward 
pull of gravity, tending to restore the former posi- 
tion. Turned upside down the body would be in a 
position of unstable equilibrium, which could be 
maintained only by some system of careful bal- 
ancing (as actually occurs in many kinds of flsh). 

The principle of the mechanism was clearly 
recognized by Borelli (1681), and it has since been 
well described by other biologists, such as Bethe 
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Fio. 1. Longitudinal and Transverse Sections of 
A Body with Total Specific Gravity Equal to 
That of the Surrounding Water 
Shaded part denser than the rest. G and B represent 
the forces of gravity and buoyancy. 

(1894, 1910), MUUer (1919), and Magnan (1930). 
Yet the earlier paper by Bethe contains the state- 
ment that if a cone is thrown into a vacuum it will 
fall with the heavy end directed downwards. Al- 
though quite erroneous this statement has been 
quoted by some more recent authors (e. g. Magnus 
and de Kleijn, 1930), and it has perhaps led several 
other authors to express the view that the center of 
gravity will always tend to lie “as deep as possible”, 
without giving any indication as to what point 
would tend to lie above it (Williams, 1900; Dem- 
bowski, 1929; Lowndes, 1937 ; in part also Alverdes, 
1927 ; and Bethe, 1894, 1895). It must be pointed 
out that the force of gravity alone is not suflicient 
to produce orientation; in the simplest case there 
must be at least one other force, directed upwards, 
and not acting through the center of gravity ex- 
cept when the body is in a position of stable (or 
unstable) equilibrium. 


The mechanism illustrated in Fig. 1 is of par- 
ticular importance for bodies which have a specific 
gravity equal to that of the surrounding water. If 
opposing forces are absent such a mechanism will 
work almost equally well whether the body is sta- 
tionary or moving, and it can also be effective when 
the body is of a specific gravity which is greater or 
less than that of the surrounding medium. In the 
latter cases, however, other forces usually become 
involved, and these may essentially alter the posi- 
tion of stable equilibrium. 

Among free-swimming invertebrates there are 
many which have bodies with a specific gravity 
greater than that of the water in which they live. 
The force of buoyancy being thus insufficient to 
prevent sinking, the animals must provide some 
further support, either as a vertical component of 
the propulsive force, or as “dynamic lift” of the 
type which enables aeroplanes to fly. 

It might be thought that under these conditions 
there would be a tendency for the center of gravity 
to lie underneath a new center of support, and in- 
deed such a view has been expressed by some 
authors who have written on the flight of birds, of 
whom Borelli (1681) was probably the first. Plate 
(1924) advances the same view for animab which 
either fly or swim. 

The requirements of this view would be met 
partially if we imagine an animal provided with ap- 
pendages which within certain limits would auto- 
matically beat downwards, even if the body were 
tipped over to one side. This result might be 
achieved by having a certain degree of tension or 
elasticity in the basal parts of the appendages, al- 
lowing a graded amount of bending in response to 
the resistance of the water (Fig. 2). Under these 
conditions it would be possible to speak of an ap- 
proximate center of support, lying between the two 
appendages, and of a tendency for the center of 
gravity to lie below this point. If, however, the 
body were turned more nearly upside down, the 
appendages could no longer beat downwards and 
the animal would probably sink helplessly, unless 
it was able to perceive the situation and to make 
the necessary reflex adjustments. 

Among living animals it is doubtiul if any ex- 
amples can be found which possess a mechanism of 
the type just described. Certainly in the great 
majority of cases any upward force exerted by the 
animal is fixed in direction relative to the animal 
and not relative to the axes of the earth. If the 
animal tips over, away from the normal position, 
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the force will no longer act upwards to the same animal should have a specific gravity which is not 
degree, unless the animal changes the mode of ac- equal to that of the surrounding water, 
tion of the propulsive organs. This means that it Some of the general principles involved can be il- 
is no longer correct to speak of a tendency for the lustrated by reference to an imaginary spherical 

center of gravity to lie beneath a center of supp>ort. organism, heavier along one side than elsewhere. 

In fact the term ‘‘center of support’’, or “center of and propelled through the water by a propulsive 

action of the supporting force”, loses its meaning force, P. To simplify the problem let it be sup- 

when the direction of this force is fixed relative to posed that the relative force of buoyancy is so 

the body of the animal. A line of action for the small that it can be neglected. The body will then 

force can be defined, but not a point of action, be acted upon by the downward force of gravity, 



a b c 

Fxo. 2. Transverse Section or Imaginary Animal PROvmxn with Appendages WmcH Produce a Force 
Automatically Directed Upwards (a, b), Except When the Body Has Rotated over too Far (c) 



G G G 


Fig. 3. Hypothetical Spherical Organism, (a) Antero-Posterior Section, Stable Equilibrium Position. 
(b) Ditto, Unstable Position after Rotation Around Transverse Axis, (c) Transverse 
Section, Unstable Position atter Rotation Around Antero-Posterior Axis 
P «■ propulsive force (Pr and Ph the vertical and horizontal components), G -• force of gravity, S * resultant 
of these two forces. R -• resistance, g >■ center of gravity. 


since there is no one point along the line through 
which the force can be said to act more than it 
does through any other. 

Mechanical control of the orientation of a swim- 
ming animal might, however, be achieved in a 
number of other ways, which do not depend on the 
presence of a fixed center of support. The mech- 
anisms here concerned are all somewhat complex, 
involving the interrelationships between at least 
three forces, those of gravity, propulsion, and re- 
sistance. In each case it is essential that the 


G, and it will be subjected to a net pull, S, repre- 
senting the resultant of the forces G and P. Let 
the magnitude and direction of the force P be as 
shown in Fig. 3a, such that when the resultant 
force S acts along a line which is horizontal, this 
line will pass through the center of the sphere. 
Pv, the vertical component of the propulsive force, 
would then be equal tc G, and the body would be 
pulled forward horizontally by the force Ph, here 
equal to S. Opposed to the forward motion there 
would be a resistance, R, acting through the center 
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of the sphere, and also through the point of inter- 
section of the forces G and P. 

It will be seen that under these conditions the 
position of the body is one of equilibrium, in which 
all the forces balance. Any slight rotation around 
an axis at right angles to the paper would cause a 
shift in the line of action of the resultant force S, 
such that a couple would be created between the 
forces S and R (Fig. 3b). Inspection shows that 
the rotational force of this couple would always act 
in a direction tending to restore the former position 
of equilibrium, which consequently represents a 
stable orientation. Fig. 3c shows that the equilib- 
rium position would also be restored after any 
rotations around an “antero-posterior^’ axis, which 
in Fig. 3a would lie in the plane of the paper. 

Neglect of the upward force of buoyancy would 
not be justified if the body were really that of a free- 
swimming animal, since no such animals have 
specific gravities much above that of the surround- 
ing water. The equilibrium position for the body 
represented in Fig. 3 becomes somewhat modified 
if the effects of buoyancy are considered in addition 
to those of the other forces. A torque between the 
forces of buoyancy and gravity would tend to bring 
the center of gravity more nearly below the center 
of the sphere. This, however, would set up a 
counteracting couple between the forces S and R, 
so that equilibrium would be reached when the 
position was such that the opposing rotational 
forces just balanced. In this new equilibrium 
position the resultant of the three forces of buoy- 
ancy, propulsion, and gravity, would be equal and 
opposite to the resistance and would follow the 
same line of action. Some alteration of the mag- 
nitude or direction of the force P would be neces- 
sary, if it was desired that the body should continue 
to progress forward horizontally. 

The line of action of the fluid resistance is par- 
ticularly easy to predict in the case of a sphere, the 
shape of which is such that the resistance always 
acts through the center of the body, following a line 
parallel to the direction of motion. For bodies of 
other shapes the problem becomes more compli- 
cated, because there can be no one point through 
which the resistance will always act, nor will the 
line of action of this force necessarily be parallel to 
the direction of movement. The complications in- 
troduced by these facts are difficult to analyze in 
simple geometrical drawings, but a few general 
points must be discussed here, since not many 
animals are even approximately spherical. 


At the outset it seems advisable to describe 
more precisely what is meant by the term “fluid 
resistance.’^ It is well known that when a body 
moves through water it meets with a kind of 
dynamic pressure or resistance which opposes the 
motion. To some extent such resistance is caused 
by surface friction. Usually to a much greater ex- 
tent it is caused by resistance of the water to dis- 
placement, and comparison might be made with 
the situation which would occur if the body were 
pushed through an easily deformable solid. Re- 
sistance in this latter case would depend on both 
the amount and the rate of the displacement. A 
tapering, pointed object displaces the surrounding 
solid more gradually than does one in which the 
end is blunt, and so it meets with less resistance. 
In the case of a fluid, however, the situation is pro- 
foundly modified by the way in which the fluid 
closes in behind a moving body. Pressures or re- 
sistances thus act behind the body and along its 
sides as well as directly in front. The con.se- 
quences of this phenomenon will be easily ap- 
preciated if reference is made to the subject of 
“stream-line form.” The important point to 
recognize is that dynamic fluid pressure acts on all 
parts of the body, changing in its magnitude and 
direction from one region to another. In general 
the fluid exerts the greatest pressure where its rate 
of flow is least, as has been expressed in Bernoulli’s 
theorem. 

A moving body will tend to adopt a position in 
w’hich the fluid pressures balance around an axis 
representing the resultant of the other forces ap- 
plied to the body. This resultant shifts its posi- 
tion with every change in the orientation of the 
body relative to the axes of the earth, and the 
problem can be especially complicated when the 
resultant does not always pass through the center 
of gravity (as, for example, in Fig. 3). A simpler 
case is afforded by a body of uniform density 
sinking passively under the influence of gravity 
alone. Under such conditions the body would 
tend to assume a position in which all the forces 
balanced around a vertical line drawn through the 
center of gravity. In some cases there might be 
several such balance or equilibrium positions, but 
for bodies of some shapes only one of these positions 
would represent a really stable orientation. 

If an attempt is made to predict what this 
orientation would be for a body of given shape, 
there is one important general theorem which can 
be of service, to which the attention of biologists 
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has been directed by Lowndes (1937). The the- 
orem states that if a body is moving freely through 
a fluid, under the influence of external forces, it will 
tend to adopt a position in which a maximum cross- 
sectional area is placed across the direction of 
motion. The factors concerned in a simple case 
are given full mathematical treatment, as well as 
an explanatory diagram, in Lamb (1924, pp. 82 
and 154H3). 

But frequently there may be at least two quite 
different orientations which satisfy the require- 
ments of the theorem, as for instance in the case of 
an elongated animal with dorso-ventral differentia- 
tion. Probably in most cases there would be a 
tendency to assume one of these orientations more 


along the longer axis. When the body lies with 
the pole, p, directed upwards it will neither sink nor 
rise (Fig. 4a). If it tips over to one side it will be- 
come subjected to the resultant force, S, which will 
pull it sideways and somewhat downwards. The 
resistance which is met with will be such as to tend 
to set the body broadside on to the direction of 
motion, or in other words there will be a couple 
tending to restore the former position. The same 
would be true for any further degree of rotation, as 
may be seen from Figs. 4b and 4c. The position 
shown in Fig. 4a is thus one of stable equilibrium. 

If the force, P, is pulling forw^ards as well as up- 
wards quite a different situation will exist with 
regard to the rotations around the “transverse” 



Fig. 4. Transverse Section or Animal Which Resists the Tendency to Sink by an Upward Propulsive 
Force, (a) Stable Position, (b, c) Unstable Positions 
W « force due to weight of the body in water (equal to the force of gravity less that of buoyancy), p «* dorsal 
pole. Other letters as in Fig. 3. 


often than the other, and perhaps the favored 
position would usually be the one offering the least 
resistance. How far that would be found to 
represent a general rule seems rather doubtful, but 
Bethe (1894) probably had such an idea in mind 
when he claimed that a sinking body will occupy 
the position which offers the least resistance. His 
statement is not in agreement with the theorem 
quoted above, but perhap.s it was intended to apply 
only to the choice of positions w’hich may exist 
after the requirements of that theorem have been 
already met. 

Turning to consider some concrete examples, we 
may begin by considering the case of a body which 
is oval in cross-section, and in which the tendency 
to sink is resisted by an upward force, P, acting 


axis. It can be supposed, for example, that the 
body seen in transverse section in Fig. 4, is cigar- 
shaped when seen in longitudinal section. The 
force, P, can be placed so as to act diagonally 
through the center of gravity, such that w’hen the 
longitudinal axis of the body is horizontal the ver- 
tical component, Pv, then exactly balances the 
downward force, W (Fig. 5a). Under such condi- 
tions the body w^ould be in equilibrium and would 
move forward horizontally. A tilt of the nose up 
or dowm, however, would cause the resultant of the 
forces, P and W, to move above the longitudinal 
axis. The body would now tend to set itself 
broadside on to the direction of pull, and thus it 
would rotate in the direction indicated by the 
curved arrows (Figs. 5b and 5c). It will be seen 
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that the diiection of rotation is the same in each 
case, and in fact the body would rotate contin- 
uously once it had left the position of unstable 
equilibrium represented in Fig. 5a. The same 
would be true for a body of greater height than 
length, except that the rotations would be in the 
opposite direction. 

Various other possibilities emerge when we con- 
sider bodies which are not symmetrical above and 
below a median horizontal plane. For example 
the addition of a pair of sloping wings can reverse 
the stability of a body which is oval in cross-sec- 


down, but the range of rotations over which there 
would be any tendency for return to this position 
would be relatively small (Fig. 6c). 

Yet another situation is created if the body is 
supported by a vertical component of the resist- 
ance, the so-called ‘‘dynamic lift”, instead of by a 
vertical component of the propulsive force. Under 
these conditions the propulsive force can be ar- 
ranged to act directly forwards, and at a certain 
speed of forward movement the upward lift will 
exactly balance the forces pulling downward. The 
factors which control stability of orientation are 




Fig. S. Cioax-Shaped Body Propelled by a Force Acting Diagonally Through the Center of Gravity. 
(a) Position of Unstable Equilibrium, (b, c) Unstable Positions with no Equilibrium 

Lettering as in Figs. 3 and 4 



Fig. 6. Transverse Section of a Body with Fixed Sloping Wings, Which Resists the Tendency to Sine by 
AN Upward Propulsive Force, (a) Stable Position, (b) Unstable Position, (c) Position of Limztxd 
Stability — ^Indicated by Broken Lines Are Two Unstable Positions, From Which the Body Would 
Tend to Return Towards ‘c’ and Towards ‘a’ Respectively. 


tion, and which exerts a force, P, acting along the 
shorter axis (Fig. 6). Without the wings such a 
body would not remain in stable equilibrium when 
the force, P, was directed upwards, but rather it 
would tend to turn over and sink. With sloping 
wings attached as shown, the position in which the 
force, P, is directed upwards becomes one of stable 
equihl>rium, to which the body would tend to 
return after all except the most extreme degrees of 
rotation around its longitudinal axis. A more pre- 
carious position of stable equilibrium would also 
exist when the body was turned completely upside 


then somewhat different from those which have 
been described in the examples given above. They 
can j)erhaps be illustrated best by reference to the 
part which they play in controlling the stability of 
an aeroplane. (A good popular account of stability 
in aeroplanes is given by v. Mises (1936).) 

The orientation of an aeroplane can be disturbed 
by rotations either around the longitudinal axis or 
around the transverse axis, and these two types of 
rotation must be considered separately. For the 
rotations around the longitudinal axis there are 
some aeroplanes which are relatively stable, but 
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there are others which are not. The latter type 
are constructed with wings which extend out 
horizontally from the body, so that the wings of 
opposite sides lie in the same geometrical plane. 
If an aeroplane of this typt tips over to one side 
while it is flying straight forward at constant 
speed, the lifting force, L, will continue to act at 
right angles to the wings and will remain un- 
changed in magnitude. The aeroplane will thus 
be subjected to a sideways and downward pull, 
representing the resultant between the forces L 
and W (Fig. 7). The resistance which is met will 
tend to set the aeroplane broadside on to the direc- 
tion of pull, and since the pull passes above the 
wing the aeroplane will tend to turn over. The 
normal flying position is thus one of unstable 


L 



Fig. 7. Transverse Section of Aeroplane with 
Parallel Wings Flying in an Unstable Position, 
IN Which the Tendency Would Be to Turn 
Upside Down. 

L — force of *^dynamic lift.” W — downward pull 
due to the weight. S » resultant of these two forces. 

equilibrium, which can be maintained only by con- 
stant vigilance on the part of the pilot. 

It is hardly surprising that in most aeroplanes 
some attempt is made to change this state of 
affairs. The method used consists in attaching the 
wings so that they slope slightly upwards from the 
body, out towards their free ends. A very small 
degree of slope is suiBcient to ensure considerable 
stability. If the aeroplane tips over during flight 
it will start to slip sideways and downwards as 
described above. Air now meets the lower of the 
two wings at a greater ”angle of attack” than it 
does the upper wing, and the result of this is a 
difference in the lift exerted on the two sides, 
tending to restore the aeroplane to its former 
position. It may be noted in this connection that 
the wings usually slope somewhat upwards from 


back to front (so as to offer a small ‘‘positive” 
angle of attack), and that consequently during 
forward movement the air usually strikes the 
lower surface first, even when the aeroplane is 
slipping sideways under the influence of a puU 
acting along a line above the wing. It is also of 
some importance that the shape of the wings, as 
seen in cross-section, is such that they continue 
to supply some upward lift even when the angle 
of attack is slightly “negative.” 

Another method to ensure stability for rotations 
around the longitudinal axis would be to provide 
the aeroplane with enormous median vertical 
fins, so as to give the sagittal plane a greater area 
than that which is offered by the wings. There 
would now be no need for the two wings to slope 
upwards towards their free ends, since the condi- 
tions would be essentially similar to those shown 
in Fig. 4. The arrangement would not be practi- 
cable for normal aeroplanes, but in many aquatic 
animals a corresponding arrangement may well 
be found. As has been noted before, the specific 
gravity of aquatic animals is never much above 
that of the water in which they live, so that only 
a small lifting force is required. This force could 
be supplied by a very smaU pair of wings, or 
indeed without any wings at all if the shape of the 
body and its “angle of attack” were such that 
pressure on the lower surface exceeded that above. 
Under these conditions the depth of the body 
easily might be greater than the width,' in which 
case the type of stability illustrated in Fig. 4 
might be present. 

Turning now to consider the control of rotations 
around the transverse axis, it can be shown that 
in the aeroplane this is largely due to the action of 
the horizontal tail fin. When flying forward hori- 
zontally the aeroplane is subject to a net pull, S, 
which represents the resultant of the two forces, 
P and W. This puU is exactly balanced by the 
resistance, R, and if the aeroplane is correctly 
“trimmed” the tail fin will be exactly horizontal 
and therefore not contributing to the lift. If an 
aeroplane which is trimmed in this way should 
attempt to fly diagonally downwards or upwards, 
the direction of the force S will be changed relative 
to the machine. As a result of this the aeroplane 
would take up a slightly different angle of attack, 
thus exposing the tail fin to extra pressure, above 
or below as the case may be (Fig. 8). It will be 
seen that these new pressures on the tail are such 
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as to cause the aeroplane to return to a horizontal 
course. 

Pressures of the same kind are especially well 
developed during and immediately after any 
chance departures from a horizontal path. For a 
few moments the force of inertia causes the 
machine still to follow that path, although the 
body is pointed in a new’ direction. The horizontal 
tail fin is consequently exposed to a considerable 
pressure, which tends to restore the machine 
to its former orientation. If, however, the return 
to this position is in some way delayed, the aero- 
plane will start to fly in the new direction, and very 
soon the pressure on the tail will disappear except 
for a certain amount which can be attributed to 
the factors discussed in the last paragraph. The 
purely momentary pressure which arises during 


active jumps. If the jumps are directed di- 
agonally upward and the pauses are of a suitable 
length, the net forward path will be horizontal. 
A considerable number of aquatic animals exhibit 
this type of swimming, and an excellent analysis 
of some of the factors concerned in the case of 
Cladocera has been given by Woltereck (1913). 

It is of interest to note that Bethe (1910) held 
the opinion that the shape of a swimming animal 
can be of importance for controlling its orientation 
only if the progression is discontinuous. Lowndes 
(1937) has rightly stressed the more general im- 
portance of body shape, but he appears to overlook 
the fact that orientation cannot be controlled by 
this factor except when the specific gravity of the 
body is definitely above that of the surrounding 
water. 




Fio. 8. Longitudinal Sections of Aeroplane Trimmed for Horizontal Fught, Show’n as Attempting to 

Fly Diagonally Downwards and Upwards 


and after a change of orientation is of great im- 
portance for directional stability, but it cannot 
serve to maintain a body in some constant orienta- 
tion relative to the axes of the earth. 

A comparison of the conditions illustrated in 
Fig. 8, with those shown in Fig. 5, suggests that 
stability in regard to rotations around the trans- 
verse axis can more easQy be attained when sup- 
port is provided by “dynamic lift,^^ than when it 
is provided by a vertical component of the propul- 
sive force. In cases of the latter kind, however, 
the difiBiculties can be overcome if forward progres- 
sion occurs as a series of jumps, each one followed 
by a pause during which the body has time to reach 
approximately the position seen during passive 
sinking. An arrangement of this type allows the 
body to be constantly re-orientated, no matter to 
what extent the orientation may be lest during the 


If an attempt is made to summarize the various 
ways in which the orientation of swimming animals 
might be mechanically controlled, it appears that 
there are j>erhaps three basic mechanisms which 
arc more likely to occur than any others. The 
first of these is the mechanism involving a relation- 
ship between the centers of gravity and buoyancy. 
This is the only mechanism possible in animals 
which have a specific gravity equal to that of the 
surrounding water. It may also be important in 
animals with a specific gravity exceeding that of 
the water, but there are then various other mecha- 
nisms possible, of which two seem especially likely 
to occur. If the animal is one in which the tend- 
ency to sink is resisted by a vertical component 
of the propulsive force, it will probably swim in 
jumps, allowing its body to be orientated by fluid 
pressures during the brief periods of passive sink- 
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ing. If the supporting force is provided by ‘‘dy- 
namic lift^' the animal will perhaps swim 
continously and its orientation may be controlled 
by some mechanism similar^ to that which exists 
in the aeroplane. 

When efforts are made to apply such theoretical 
conclusions to actual living animals the difficulties 
may increase enormously. Reasons for this are, 
first, the changes in shape so often seen when the 
animal swims; and, second, the complex system of 
currents which the animal may create by its own 
activity. Changes in shap)e during swimming may 
essentially alter the effective shape of the animal 
and its relation to the surrounding fluid pressure. 
This is a factor difficult to estimate or to test ex- 
perimentally, but it must be considered when 
trying to interpret results obtained with non-living 
material. Even more important may be the effects 
of currents created by the animal. It was noted 
above that fluid pressure and the rate of fluid 
flow are closely related, so that it will readily be 
understood that a complex system of currents 
around a swimming animal may greatly alter the 
pattern of fluid pressure which is met with during 
movement. In a sense it may be said that the 
effective shape of the animal has been altered. 
The currents which arc created by the animal’s 
own activity can be thought of as fomiing a per- 
manent shell or envelope around the body. If the 
animal starts to sink it is this envelop)e which 
meets the water lying ahead, and which determines 
its lines of flow on being displaced. 

SOME EXPERIMENTAL METHODS 

An experimental analysis of mechanical factors 
concenied with orientation in a given animal may 
sometimes be extremely diflicult. Not only may 
there be complications of the t>pe just described, 
but the various mechanisms which are possible 
may be modified or combined together in almost 
any way. Some of the more complex cases are 
probably beyond the scope of experimental meth- 
ods known at present. Nevertheless it should be 
of some value to review briefly such methods as 
have been used by previous investigators, or which 
might be tried in the near future. 

To find the position of the center of gravity the 
simplest method is that used by Magnan (1929). 
Working with various species of fish he first found 
the position in which the body would balance 
horizontally when laid across a sharp edge. He 
then suspended the animal from one end or from 
one of the fins. Vertical lines from the points of 


balance and of suspension were drawn in each case, 
and the point in the median plane at which these 
lines crossed was taken to represent the center of 
gravity. Fish with flexible bodies were laid across 
the two pans of a balance and the position adjusted 
until the median pointer remained vertical. 

For small invertebrates the problem is more 
difficult. Muller (1919) describes a method which 
he used to determine the horizontal balance posi- 
tion in a fairy shrimp (Crustacea Anostraca). 
He did not, however, attempt to define the p>osition 
of the center of gravity more precisely. 

In all such experiments certain precautions are 
necessary. The animal should be killed or nar- 
cotized in a manner which does not cause local 
changes in specific gravity. The shape of the 
body and the contents of the gut must be normal. 
If the determinations are made in air the surface 
of the body should be carefully dried, yet at the 
same time there must be no loss of internal fluids. 
Some of these difficulties might be avoided if the 
determinations could be carried out under water. 
This, however, would not be possible except for 
animals with a specific gravity considerably above 
that of the water, and it would require special care 
to avoid the disturbing action of local currents. 

The position of the center of buoyancy can be 
found by constructing a model of uniform density 
and then finding the center of gravity of this model. 
Magnan (1929) employed this method for fish. 
He also used a method which did not give the 
exact position of the center of buoyancy, but which 
showed how’ far it was in front of or behind the 
center of gravity. For this purpose a fish was 
supported under water by a pin which pierced the 
body transversely through the center of gravity. 
Small weights were then placed on the back, near 
this region, and shifted until the long axis of the 
body came to lie just horizontal. A simple cal- 
culation gave the required result. 

For small and soft-bodied animals accurate de- 
terminations of the p)ositions of the centers of 
gravity and buoyancy" become almost impossible. 
Usually the best that can be done is to determine 
the relative positions of these two centers to each 
other. To do this it is necessary to float the body 
of the animal in a liquid of a specific gravity equal 
to its own. If the two centers coincide the body 
w’ill be in indifferent equilibrium and wrill float in 
any position. If the two centers do not coincide 
there will be a tendency for the center of gravity 
to lie vertically below the center of buoyancy. 
Some idea of the distance apart of the two centers 



22 


THE QUARTERLY REVIEW OF BIOLOGY 


will be indicated by the speed of rotation towards 
this position of stable equilibrium. 

The method was employed by Mliller (1919), 
but it is one which requires a number of precau- 
tions which he did not clearly state. To avoid 
possible local changes in specific gravity the ani- 
mals should be lightly narcotized, or perhaps killed 
by a mild electric shock. Attention should be 
paid to the shape of the body, contents of the gut, 
and such factors as the number of eggs or young. 
(The effects of gut contents and of young on the 
specific gravity of Cladocera have been described 
by Eyden (1923) and by Luntz (1929).) If it is 
necessary to raise the specific gravity of the water, 
the solute chosen for this purpose should preferably 
be non-toxic, have a low osmotic pressure, and a low 
rate of penetration through the skin of the animal. 
A high viscosity should also be avoided. During 
observations of specimens placed in this solution 
care should be taken to see that the specific gravity 
of the solution is correct, that it is evenly mixed, 
and that there are no disturbing currents. The 
specimens should be free from any liquid of a differ- 
ent density enclosed between limbs or clinging to 
other parts of the body. All the observations 
should be carried out as rapidly as possible so that 
interchanges between the body fluids and the so- 
lution may be reduced to a minimum. 

The extent to which the forces of buoyancy and 
gravity may control orientation during swimming 
can be studied directly, if it is possible to allow the 
animal to swim in a solution of the type just 
described. The absence of any tendency to sink 
eliminates the possible influence of other methods 
of mechanical control, and most types of sensory 
mechanism can usually be excluded by suitable 
design of the experiment. Mechanical control 
by the forces of buoyancy and gravity, and perhaps 
some form of proprioception, then remain as the 
only possible explanations of any orientation which 
may occur. Good evidence in favor of the me- 
chanical control would be secured if the animal 
swam in a position similar to that in which nar- 
cotized specimens had been found to float. 
Orientation by proprioception might still occur, 
but as will be shown later this remains at present 
as a rather doubtful possibility. 

For animals whose specific gravity is equal to 
that of the water in which they live the only type 
of mechanical orientation possible is that which 
depends on the relative positions of the centers of 
gravity and buoyancy. In practice, however, it 


seems that a large number of free-swimming ani- 
mals have a specific gravity somewhat above that 
of the water and that they persistently oppose 
the tendency to sink. Under these conditions 
other mechanisms can play their part and must, 
therefore, be considered in any study of mechani- 
cal orientation in the animals concerned. 

To show whether or not the specific gravity is 
above that of the water, it is sufl5cient simply to 
watch an animal which has ceased to swim. To 
obtain a more quantitative value of the specific 
gravity a number of methods may be employed. 
That which has been used most frequently is based 
on the same floatation technique as has been just 
described. It is only necessary to know the specific 
gravity of the solution in which narcotized speci- 
mens of the animal will float without rising or 
sinking. The results obtained are usually not 
very accurate, although this may sometimes be 
due to neglect of the precautions listed above. 
Platt, however, (1899) gives figures for Spiro- 
stomum which appear to indicate an accuracy of 
about ±0.001, and Luntz (1929) gives figures for 
rotifers which seem accurate to about ±0.004. 
Ostwald (1903) has pointed out that the results will 
be least accurate when the viscosity of the medium 
and the surface resistance offered by the animal 
are unduly large. He suggests a modification of 
the method, by which he believes greater accuracy 
would be obtained. Instead of attempting to 
mix a solution in which the body will exactly float, 
he would prepare two solutions, in one of which the 
body would slowly rise, in the other of which it 
would slowly sink. The speeds of rising and 
sinking could be determined, and the specific 
gravity of the body would then be given by the 

formula, Sk - ” where Sk, Si and S* 

are the sf>ecific gravities of the body and of the 
two solutions, and where Gi and Gj are the speeds 
of sinking and rising which were observed. 
Ostwald assumes that in liquids of specific gravities 
equidistant above and below Sk, the rates of rise 
and fall would be equal. He states that this 
would actually be true, unless certain movable 
parts were extended during the motion in one direc- 
tion, but were folded up during motion in the other. 
On this question, however, Ostwald has missed the 
essential point, namely that orientation of the 
body relative to the direction of motion must be 
made the same in each case. If this condition 
is not observed the fluid pressures met with during 
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rising and sinking will be different, except in the 
case of a body of identical form above and below. 
In practice this means that in all cases in which 
the centers of gravity and buoyancy do not co- 
incide, the speeds of rise and fall must be fairly 
rapid, so as to ensure an orientation controlled 
entirely in the manner which has been illustrated 
in Fig. 6. This increases the difficulty, which was 
p>ointed out by Ostwald, of being certain as to 
whether or not a steady rate of motion has been 
attained. 

Lowndes (1938a, b) has recently described a 
new method for determining specific gravity, which 
is apparently free from many of the objections 
associated with the previous methods. Titration 
of some substance added to the water affords a 
neat means of determining the actual volume of 
the animals, and the weight can then be found by 
a simple calculation involving this result and the 
results of weighing in specific gravity bottles. In 
a control test with small glass bubbles Lowndes 
found the results were accurate to about ±0.002. 

For large animals, such as fish, the weight can 
be determined in air, and the volume ascertained 
by direct measurement of the w^ater displacement 
(Magnan, 1929). Or the weight may be deter- 
mined both in air and in water, and the specific 
gravity then calculated from the formula, 


S.G. 



where Wa and Ww represent 


the weights in air and water respectively (Tester, 
1940). For small, spherical organisms, some use 
might be made of the weU known method in- 
volving Stoke ’s law. Literature for various meth- 
ods which have been used to determine the specific 
gravity of Protozoa is cited by Leon t jew (1928). 

From the point of view* of animal orientation a 
determination of the specific gravity is not of 
fundamental importance, although it does permit 
a quantitative estimate to be made of the force 
which is required to prevent sinking. More im- 
portant in this connection is a knowledge of the 
lines of action of the forces of propulsion and re- 
sistance. Unfortunately the methods which might 
be used to obtain this knowledge are not very 
satisfactory. 

To determine the line of action of the propulsive 
force there seems to be little that can be done, 
other than to study the mode of action of the pro- 
pulsive organs and the distribution of the currents 
which they create. Data secured in this way 
would indicate approximately the line of action 


of the propulsive force, but would not define its 
location with any great degree of accuracy. 

Methods for observing the currents which 
surround a swimming animal usuaUy depend on the 
addition of a suitable dye or of small particles to 
the water. The path and speed of such particles 
can be determined by appropriate methods of 
photography. An interesting technique which 
can be used to study some of the more definite 
currents, consists in adding to the water particles 
of tobacco mosaic virus, the observations being 
carried out through crossed polaroid plates which 
are placed on opposite sides of the vessel. The 
tiny, rod-shaped particles of the virus become 
orientated parallel to one another wherever there 
is a current, and they then possess the property 
of rotating plane polarised light, thus causing the 
currents to appear as bright streaks in an otherwise 
darker field (cf. Bawden et a/., 1936). 

To determine the lines of action of the fluid 
resistance which is met with by a swimming animal 
is no less difficult than in the case of the propulsive 
force. Such methods of investigation as exist 
can mostly be applied only to dead or narcotized 
animals, and the results obtained may conse- 
quently have little direct application to the animals 
w’hen alive. 

It is relatively simple to determine the effects 
of fluid resistance on the orientation of the body 
when this is sinking passively in w^ater. If the 
centers of gravity and buoyancy are knowm to 
coincide no experiment would be necessaiy , other 
than to observe the position in which the body 
sinks. If, however, the position which is then 
observed is one which might be caused by the 
tendency of the center of gravity to lie below’ the 
center of buoyancy, further tests have to be 
carried out. In a partcular example let us suppose 
that during passive sinking the same position is 
favored both by the fluid resistance and by the 
forces of gravity and buoyancy. This state of 
affairs could be demonstrated by transferring the 
narcotized specimen to fluids of greater density, 
adopting the precautions wffiich have been outlined 
above. In a liquid in which the body very slowly 
rises, the orientation would remain the same as 
that seen during sinking. But in liquids of still 
higher density the rate of rising would increase, 
until finally the specimen would turn over because 
the effect of the fluid resistance had overcome that 
of the forces of buoyancy and gravity. 

The essential features of this experiment were 
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It seems quite possible that proprioception of 
the second type may sometimes serve to contorl 
the orientation of certain fish. Rizzolo (1929) 
has shown that dogfish continue to swim in the 
normal position after total destruction of both the 
labyrinths, accompanied by transection of the 
olfactory tracts and of the optic nerves. The 
data given by Magnan (1929) indicate that these 
fish have a specific gravity only very slightly 
higher than that of sea water, and that they have 
the center of gravity placed a little above the 
center of buoyancy. These facts make it unlikely 
that the swimming position can be controlled by 
purely mechanical factors. Sensory control would 
thus appear to be involved, but the precise nature 
of this remains uncertain. It might be based on 
proprioception, or on a skin sensitivity to light, 
or on the perception of currents reflected from the 
sides and bottom of the aquarium. 

V. Buddenbrock (1914, 1937) claims that pro- 
prioceptive orientation may be shown to exist in 
certain aquatic invertebrates. He suggests that 
this orientation occurs in response to movements 
of internal organs suspended in the body cavity. 
Experimental support for this idea was advanced 
by Wolf (1925), who found that in starfish a 
stimulus for orientation is provided by passive 
movements of the gut. Fraenkel (1928), however, 
claims to have disproved Wolfes results, and it 
would appear that proprioception of this type has 
not been proved to exist in any invertebrates. In 
particular nothing is known of the types of pro- 
prioception which perhaps occur in the species 
which are free-swimming. 

Evidence that some type of proprioceptive orien- 
tation does occur in these forms is brought forward 
by V. Buddenbrock (1914), Most of his results, 
however, could be explained almost equally well 
on a purely mechanical basis. In one type of 
experiment v. Buddenbrock found that if the two 
crustaceans, Leptomysis and Hemimysis, were de- 
prived of their statocysts and then placed in a 
horizontal beam of light, they swam vertically up 
and down, with their backs directed towards the 
light. The animals never swam horizontally, al- 
though their backs could have been turned towards 
the light in this position also. It was claimed 
that this result showed the existence of a pro- 
prioceptive sense of orientation. Another ex- 
planation, however, might be suggested. In order 
to swim horizontally with their backs towards the 
light the animals would have been compelled to lie 


on one side, a position which in many animals is 
mechanically more unstable than any other. The 
apparent choice of a vertical path may thus have 
been due to the fact that the animals were not 
able to orientate effectively to the light when they 
attempted to swim horizontally. 

In another experiment v. Buddenbrock found 
that if Hetnintysis was kept in bright sunlight 
and then suddenly transferred into red light, the 
animals continued to swim in the normal position, 
although both the statocysts had been removed. 
It was assumed that the light-adapted animals 
were not able to perceive the red light and that 
the position in which they swam was mechanically 
unstable. These assumptions, however, were not 
supported by experimental evidence. With 
Palaetnon v. Buddenbrock found that adult in- 
dividuals from which the statocysts had been 
removed would often persistently swim with the 
back directed upwards, even when illuminated 
only from below. The position adopted was again 
supposed to be mechanically unstable, but no at- 
tempt was made to offer experimental proof. 

Perhaps the most convincing experiments which 
favor the idea of proprioceptive orientation in a 
free-swimming form, were those of Demoll (1909) 
on the crustacean, Squilla. Demoll found that 
blinded individuals of this animal persistently 
swam with the back directed upwards, even when 
the back was weighted by small pieces of lead 
which were over one fifth the total weight of the 
body. It was especiaUy noted that the animals 
soon turned upside down whenever the swimming 
movements became less energetic. This makes it 
clear that a tendency for the center of gravity to 
lie below the center of buoyancy could not have 
been responsible for the animates continued ability 
to maintain the normal position. Some other 
mechanism might have been concerned, in which 
the magnitude of the force of propulsion or re- 
sistance played an essential i>art (for example a 
mechanism such as that illustrated in Fig. 4), but 
this appears most unlikely. Demoll assumed that 
the blinded animals would not be able to orientate 
to light, and in this he probably was correct. 
Nevertheless dorso-ventral orientation to light may 
sometimes be controlled by photosensitivity of the 
skin, as for example in the leech (Schliiter, 1933) 
and [)erhaps in certain beetle larvae (Wojtusiak, 
1929). This might also be true for Squilla^ though 
v. Buddenbrock (1914) found that unblinded adult 
animals did not always turn upside down when 
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the light was placed below, so that the reflex 
orientation to light is not especially well developed. 
The possibility remains that the orientation is 
controlled by statocysts, as was supposed by 
Demoll. But no such organs have yet been found 
in SguUlaf and v. Buddenbrock argues on physio- 
logical grounds that they probably do not occur. 

Recently the view that proprioceptive orienta- 
tion may occur in free-swimming animals has been 
supported by Oevermann (1936), who worked with 
aquatic Hemiptera. He claimed that when these 
animals are in need of air they still are able to find 
the water surface, even after being blinded and 
deprived of their antennae, after having the ab- 
dominal nerve cord cut through, and with the body 
weighted so that the usual swimming position has 
become unstable. He also maintained that the 
animals will attempt to preserve the normal swim- 
ming position, even when this has been rendered 
unstable by the attachment of weights or by the 
removal of air from the surface of the body. These 
experiments are of great interest, but unfortunately 
Oevermann ’s descriptions are not always suf- 
ficiently objective, and no experimental evidence 
was given concerning the alleged stability or other- 
wise of the different swimming positions which 
he observed. 

If proprioceptive orientation should be shown 
to be absent in a free-swimming animal, this 
would not necessarily mean the absence of pro- 
prioception. Bethe (1894) denied that a purely 
proprioceptive orientation could occur in swim- 
ming or flying animals. Yet he maintained that 
if mechanical forces favored one position the 
animal would always know the angle at which 
it lay in relation to this position, simply by the 
feeling in the muscles. It is p>ossible that Bethe 
believed that the amount of mechanical torque 
within the body could be perceived directly, al- 
though this seems most unlikely. More probable 
would be some form of proprioception within such 
various steering organs as are required to deflect 
the animal from the stable orientation. 

Sensory control of the swimming position might 
also be based on a surface sensitivity to currents. 
In animals with a specific gravity above that of 
the surrounding water there would be a tendency 
to sink whenever the normal swimming position 
is temporarily lost. At such times the pattern 
of currents around the body would be changed, and 
if the animal could perceive these changes reflex 
righting movements might occur. Alverdes (1927) 


has suggested a sensory mechanism of somewhat 
this type for larvae of the insect Cldeon. 

Close to the bottom or to the surface of the water 
some reflex orientation might occur through the 
perception of ^‘echo currents.” Townsend (1939) 
has reported a sensory perception of this kind in 
the heteronereis stage of a species of polychaete 
worm, and a similar function can be ascribed to 
the lateral line organs of certain fish (Dykgraaf, 
1934). 

DISCUSSION 

The orientation of a typical free-swimming an- 
imal involves rotations around three major axes, 
longitudinal, dorso-ventral, and transverse. There 
are, however, two main typ)es of orientation, of 
which that discussed in the present paper can be 
described as “dorso-ventral” and involves rota- 
tions around only the transverse and longitudinal 
axes. Control of these rotations may be purely 
mechanical or it may be reflex and sensory. The 
situation is complicated because several types of 
control may act together, or there may be various 
factors which are opposed to each other. Investi- 
gations of dorso-ventral orientation must therefore 
deal with all these different factors, and an experi- 
ment which takes into account only the sensory or 
only the mechanical factors, may easily lead to a 
false result. 

The second of the two main types of orientation 
is that which is involved in the familiar “photo- 
taxis” and in various other forms of “taxis.” 
Orientation of this kind may be described as 
“antero-posterior” and is associated with rota- 
tions around the transverse and dorso-ventral 
axes. The control of rotations around the latter 
axis must be always sensory, unless the animal lies 
on one side, but control of the rotations around the 
transverse axis may be either sensory or mechani- 
cal. This means in practice that, if an experiment 
on any form of taxis is concerned with turns up or 
down, then mechanical as well as sensory factors 
must be given full consideration. 

Mechanical factors ver>' similar to those in- 
volved in orientation are also of great importance 
in the problems connected with floatation (re- 
viewed by Jacobs, 1935) and with cyclomorphosis 
(reviewed for Dapknia by Coker, 1939). The 
earlier workers in these fields were often inclined 
to exaggerate some one particular feature, while 
they overlooked the important relations which 
may exist between the shape of the body and the 
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pattern of surrounding fluid pressure. Thus 
Wesenberg-Lund (1908) was of the opinion that 
the spines and other outgrowths of planktonic 
organisms are of special importance because they 
shift the position of the center of gravity. It was 
the brilliant work of Woltereck (1913) which first 
clearly showed that such organs may play a sig- 
nificant r61e in controlling the orientation of the 
body relative to its line of motion, by virtue of the 
resistance which they offer to movement through 
the water. 

SUMMARY 

1. Most aquatic animals swim in some typical 
position which bears a definite relation to the axes 
of the earth. Control of this position may be 
either sensory or mechanical. 

2. A standard swimming position may have 
certain mechanical and ecological advantages for 
the animal. 

3. The most important type of mechanical 
orientation is probably that in which the center 
of gravity tends to lie below the center of buoyancy. 
Other mechanisms may exist which involve the 
lines of action of the forces of propulsion and 
resistance, but such mechanisms can occur only 
when the specific gravity of the animal exceeds (or 
is less than) that of the water. If there is a tend- 
ency to sink which is resisted by a vertical com- 
ponent of the propulsive force the animal will 
perhaps swim in jumps, allowing its body to be 
orientated by fluid pressures during the brief 
periods of passive sinking. When support is pro- 
vided by a vertical component of the resistance 


the animal may be orientated by a mechanism 
similar to that found in aeroplanes. 

4. The various types of mechanism could be 
combined together in almost any way. Changes 
in shape shown by the swimming animal, and cur- 
rents created by its own activity, may provide 
further complications. 

5. There are a few practical methods which 
can be used for the study of mechanical orienta- 
tion in aquatic animals, but many of the problems 
cannot be solved by methods known at present. 
Care is always required to eliminate sensory fac- 
tors, and so far as possible to study the different 
mechanical factors isolated from each other. 

6. Sensory reflex control of the swimming posi- 
tion may depend on a response to light, or on a 
response to gravity perceived by statocysts. If 
proprioception sometimes plays a part, the stimu- 
lus would probably be provided by the downward 
pressure of freely movable internal organs or 
liquids. Occasionally a surface sensitivity to 
currents could serve to control the orientation 
during downward sinking, or in response to ‘‘echo 
currents.” 

7. A knowledge of the mechanical factors which 
may control dorso-ventral orientation can also be 
of importance in the study of antero-posterior 
orientation (“taxes”) and of such subjects as 
floatation and cyclomorphosis. 

The writer is much indebted to various persons who 
have offered valuable criticisms and suggestions. 
In particular he wishes to thank Professor S. O. Mast, 
Professor J. C. Hubbard and Dr. C. F. Bonilla, all 
of the Johns Hopkins University. 
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W HEN G. Elliott Smith, com- 
parative anatomist of the brain, 
in his description of an endocast 
of the cranial cavity of a giant 
Moa briefly remarked ‘The hy- 
pophysis is very large” (1902), little was yet known 
of the relation of the pituitary gland to body size. 
Nor could F. Nopesa, the palaeozoologist, realize 
the full implications when he demonstrated that 
the fossa hypophyseos is larger, in relation to the 
brain cavity proper, in giant dinosaurs than in 
their smaller relatives (1917). For the definite 
proof of the influence of the pituitary gland on body 
growth, the separation, from the many other sub- 
stances produced by the gland, of the anterior 
lobe growth hormone, was not achieved until 1921 
(H. M. Evans). 

I. PITUITARY GLAND AND BODY SIZE: SOME 
ESTABLISHED FACTS 

Pathology 

The normal growth-regulating function of the 
pituitary body (PB) was first inferred from its 
disturbances in man. Human growth disturb- 
ances were found to be accompanied by abnormal 
PBs: dwarfs suffer from hypopituitarism, ab- 
normally tall men from hyperpituitarism. The 
latter disease occurs in two forms. In acromegaly, 
the sella turcica of the sphenoid bone is enlarged 
(in 93 per cent of cases) by a tumor in w'hich the 
acidophilic secretory cells of the anterior pituitary 
lobe are increased. In human giantism, in con- 
trast to acromegaly, intensive growth starting 
before or during adolescence produces a well- 
proportioned abnormally tall skeleton; hyper- 
plastic changes in the anterior pituitary lobe widen, 
lengthen, and deepen the sella. 


While we know that size variations occurring 
normally in nature tend to “mendel back” to 
medium size (unless selected by breeders), clini- 
cians have found family predisposition to pituitary 
diseases; for example, three sisters and a brother 
described by J. Bauer were normally built giants 
of 190, 185 and 183 cm. in height and an achondro- 
plastic dwarf of 121 cm. Geneticists also have 
ascertained a linkage between defective develop- 
ment of the animal PB and the inheritance of 
structural distortions (Stockard, in The Pituitary 
Gland f cf. Bibliography). 

Experiments 

Animal experiments have shown that, when the 
pituitary body is removed, growth stops altogether 
and cannot be revived by any kind of medication, 
whereas the slowing down of growth in thyroidec- 
tomized animak is entirely cured by treatment 
with anterior lobe extracts (Evans, in The Pituitary 
Gland). Natural dwarfs occurring in Evans' rat 
colony were always restored to complete normality 
by administration of the growth hormone (Evans 
el al, '33). 

In the normal rat, the response of the bones 
to injections of anterior lobe extract is an over- 
stimulation of normal periosteal growth (cf. for 
example, Evans, Handekman). Injected rats 
become twice as heavy as the controk; some of 
them surpass the normal maximum size of the 
species. The absence of acromegalic stigmata in 
these giant rats has been attributed to the fact 
that in rats the bone epiphyses never unite (Put- 
nam, in The Pituitary Gland). This assumption 
is based on the disputed doctrine that giantism is 
the acromegaly of youth. Experiments with vmi- 
ous breeds of dogs tend to show (if conclusicms 
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may be drawn from the reaction of so few indi- 
viduals) that racial constitution decides the result 
of experimental hyperpituitarism. An English 
bulldog grew to almost twice the weight of litter- 
mate controls through anterior lobe injections; 
growth, however, was not evenly distributed but 
t)rpically acromegalic (Putnam et aL), In dachs- 
hunds, symmetrical overgrowth = giantism oc- 
curred consequent on injections, the only 
outstanding acromegalic feature being folded skin 
(Evans et al.). In sheep-dogs likewise, no differ- 
ence of the skeletons was observed, apart from 
size, between an experimental giant of 30 kg. and 
its litter control of 20 kg. weight (Evans et al.). 

Hypophysectomized chick embryos never 
reached the size of controls of the same age (Fugo). 
As far as the writer is aware, none of the records 
of pituitary injection experiments on birds, nor 
any report on reptile experiments mention the 
animals* size. In the case of the sauropsids, there- 
fore, palaeontological data (see below) fill an actual 
gap in the chain of proofs of the r61e played by 
the PB in conditioning body-size — ^already decisive 
enough, however. A diet of cattle anterior lobe 
not only increased the rate of growth in Atnbly- 
stoma, but these newts never ceased to grow after 
reaching the normal maximum size of the two 
species used in Uhlenhuth*s experiments. 

Relative size of the pituitary body 

In endogenous giants, the size of the PB was 
stated above to vary in direct proportion to the 
amount of secretion. This applies not only to 
human pathological cases but may become ap- 
parent in normal size variation. In the larger 
breeds of cattle, and in the larger individuals 
within a breed, the PB is larger in relation to body 
size than in smaller ones (Petersilie). A moderate 
positive correlation exists between the weight of 
the PB, but particularly of the anterior lobe, and 
body size in the normal adult human (Rasmussen, 
in The Pituitary Gland). Large human skuUs 
have in general larger sellae turcicae than small 
skulls (Kadanoff). In the exogenously developed 
experimental giants the PB is, of course, not, or 
hardly, enlarged, supply from outside replacing 
hypersecretion. The foxhound bitch injected by 
Benedict et al. grew to 150 percent the weight of 
its sister, yet the increase in PB weight was only 
7 percent; uterus and ovaries were 300 percent, 
thyroid and spleen, 100 percent heavier; the dif- 
ference in brain weight amounted to no more than 
3 percent. 


We are here facing a phenomenon which has an 
extremely important bearing on our present in- 
vestigation: the fact that brain growth follows 
other laws than body growth and PB growth. 

Experimental proofs thereof are abundant. 
Mortimer, investigating only the skulls of young 
rats after hypophysectomy, observed that snout 
growth is more impeded than the development of 
the brain case, and that post-operative treatment 
with growth hormone produces satisfactory growth 
only in the snout. In the giant rats produced by 
the experiments of Rubinstein (in The Pituitary 
Gland), the brain was always smaller in relation 
to body size than in normal rats. Rubinstein’s 
extensive experimental and mathematical in- 
vestigation definitely showed that the growth 
hormone, while markedly stimulating body 
growth, fails to affect the growth or structure of 
the central nervous system. 

The palaeontological aspect 

This only confirms the palaeozoologists* experi- 
ence of phylogenetic increase in body size. The 
comparative anatomist too is, of course, well 
aware that the brain and neurocranium of a larger 
animal are smaller in relation to body size than 
those of its smaller congener. The palaeontologist 
sees the neurocranium actually lagging behind 
during phylogenetic increase of body size, as a 
rule, and always in the evolution of definite giants. 

The recent achievements of medicine and experi- 
mental zoology now reveal the seat of the force 
which must have promoted phylogenetic body 
growth as it does ontogenetic growth. They 
enable the palaeontologist to investigate, as di- 
rectly as is possible within his realm, the growth 
organ itself, and to check the development of its 
size — that is, its power — with that of the brain 
even where only skulls are preserved. 

Due to its complex origin, the pituitaiy, master 
among endocrine glands, is, so to speak, directly 
accessible to palaeo-anatomical investigation. 
The PB is lodged in the brain case because its “pos- 
terior lobe” (posterior in man) is its pars nervosa, 
the neurophysis, ontogenetically a downward 
diverticulum from the floor of the diencephalon. 
Yet it lies below the brain case proper and may be 
provided with its own capsule by the sphenoid 
bone (the sella turcica in man), because its epi- 
thelial portion, the hypophysis s. str. (“anterior 
lobe” - pars glandularis, etc.) is a pars buccalis, 
ontogenetically the terminal part of an upward 
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diverticulum from the dorsal side of the roof of 
the mouth. 

Until now, however, apart from dinosaur 
giantism only one phylogenetic trend has been 
interpreted in terms of hyperpituitarism: Keith 
found that the differences between Homo sapiens 
and Homo primigenius are mainly the latter’s 
acromegalic symptoms! This view had also been 
taken by Larger, but he emphatically denies the 
connection between PB and Vacromigalie- 
gigantisme. In vain the palaeozoologist searches 
neozoological literature for data of animal PBs 
with reference to the formation of their specific 
body size (except for the papers of Robb and Rost 
discussed below); nor have any investigators of 
animal and human PBs taken into account the 
palaeozoological facts referred to in our intro- 
ductory sentences. Yet normal animals, living 
and extinct, testify plainly to the phylogenetic 
significance of the pathological, statistical, and 
experimental observations which may be sum- 
marized as follows: 

(1) Body-growth, but apparently not brain 
growth, is dependent upon the amount of growth 
hormone produced by the anterior lobe of the PB. 
(2) More hormone is produced by large glands 
than by small ones. (3) Hyperpituitarism en- 
larges the sella turcica. (4) Tendency to hypo- 
and h^per-pituitarism is hercditar>\ (5) Hyper- 
pituitarism can produce animals above maximum 
normal size. 

n. REPTILES 

[No Anamnia have been studied with regard to 
our subject. Enlightening differences might be 
revealed by comparisons of the PB of giant fish 
with that of smaller congeners such as a 450 kg. 
Thunnus and an 8 kg. Ncothunmis. Likewise, 
there doubtless exist differences between the PB 
of small frogs and that of the 30 cm.-long Rana 
goliath; in Herrick’s figures of the middle sections 
of brains of adult Amhly stoma tigrinum (maximum 
body size 27 cm.) and Cryptohranchus aUeghanien- 
sis (55 cm.), I find the glandular lobe of the PB 
less than half as long as the tectum mesencephali 
in the smaller but exactly as long as the tectum 
in the larger newt.] 

There are giants among the living reptiles such 
as 5 m.-long snakes, 2 m.-long turtles, and 3 m.-long 
lizards; their PBs remain to be studied, and to be 
compared with those of the small representatives 
of these orders. The size of lizard PBs should, 
furthermore, be compared with the volume of the 


pituitary fossa of 8-10 m.-long mosasaurs: this 
pouch in the skull base was the bony capsule of the 
PB and thus reproduces approximately the size of 
the long- vanished gland. Some reptiles, however, 
are excluded from palaeoendocrinological investi- 
gation by the fact that only the distal extremity of 
their PB lies in no more than a trough-like depres- 
sion on the sphenoid bone. In others, the fossa 
may retain its embryonic condition, that is, remain 
open across the entire sphenoid bone. Thus, the 
ichthyosaurs should prove particularly favorable 
objects for comparative investigation. It appears 
that this could be undertaken on intact skulls. 
A widely open cranio-pharyngeal canal penetrates 
the basisphenoid of some ichthyosaurs. Endo- 
casts of this canal might exhibit illuminating 
differences betw’een specimens of different size; 
the outside opening has been found in the largest 
known (2 m.-long) Ichthyosaurus skull as well as 
in smaller specimens. The pituitary space proper 
is a well-marked expansion within the cranio- 
phaiymgeal canal of the giant dinosaur family 
Atlantosauridae of which it is believed that this 
persistent communication between the brain and 
mouth cavities was a family character. (O. C. 
Marsh: for literature on fossil brain cavities see 
lists in Edinger, 1929 and 1937.) 

It is, of course, no mere coincidence that the 
only animals so far described as having, so to 
speak, disproportionately large pituitary' fossae 
are the giants par excellence — the dino^urs. In 
Jurassic sauropod skulls, the 25 m.-long but slimly 
built Diplodocus shows a slender sac below' the 
brain case as deep as this is high; in the stouter 
17 m.-long CamarasauruSj the lower part of the 
sac has a much greater diameter than the upper 
(Fig. 1): the “anterior lobe” of the PB being 
ventral to the other parts in reptiles. Apart from 
the fossae of giant sauropods which he briefly 
characterized as ungcheuer (monstrously large), 
Nopesa investigated the fossae of seven small 
and seven large dinosaur genera. This enabled 
him to restrict direct comparison to genera of es- 
tablished ancestr}'. His interpretation of dinosaur 
giantism as beipig the result of an increase in pituitary 
function is therefore based on the, so to speak, 
actual observation of a process, nameb^ that “bei 
diesen Tieren im grossen und ganzen mit der 
Zunahme der Korpergrosse eine Zunahme der 
Hypophyse ihrem Him gegeniiber Hand in Hand 
geht ... die Grosse des Himsch&dels bleibt dabei 
stationar.” This means that, in dinosaurs, phylo- 
genetic increase in body-size was accompanied by 
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an increase in size of the PB, while brain size re- 
mained the same. The many endocranial casts 
of dinosaurs now known prove the basic truth of 
Nopcsa’s (^17) doctrine. 

Brown and Schlaikjer note among the differ- 
ences between the endocranial cast of the primitive 
small ceratopsian Protoceratops from the Mongo- 
lian Upper Cretaceous and that of the large ad- 
vanced AnchicercUops from the American Upper 
Cretaceous (’40, p. 192) that the PB in the former 
is “relatively small and narrow,” in the latter, 
“relatively large and broad.” Dr. Brown very 
kindly allowed the present writer to examine the 



Fig. 1. Outline or Endocast op Brain Cavity op 

CaMARASAURUS SUPREICUS 

From left side, after Osborn. Two-fifths natural size, 
Telenc.: cast of caudal portion of forebrain chamber. 
Obi.: cast of medulla oblongata chamber. II: cast of 
optk nerve canal. PB: cast of fossa pituitaria. 

two endocasts. The length of the brain case, from 
the notch between the olfactory and optic nerve 
foramina to the foramen magnum, was found to 
be 65 mm. in Protoceratops and 72 mm. in Anchi- 
ceratops. Brain length, however, measured from 
that notch to the posterior end of the cerebellum, 
was exactly the same in the small and the large 
forms, viz., 49 mm.: only the medulla oblongata 
was more voluminous in the giant. The Proto- 
uratops skull from which the cast was taken is 
611 mm. long. The only complete Anchiceratops 
skull is 1660 mm. long but is from a smaller in- 
dividual than that which furnished the cast 
(Sternberg). On the other hand, the difference 


between the casts of the pituitary fossae is indeed 
very striking. Both are well set off from the brain 
cast proper by a stalk. Their greatest lengths, 
breadths and heights are: Protoceratops y 13, 11, 
21 mm.; Anchiceratops y 14, 21, 37 mm. While 
in Protoceratops the pituitary fossa tapers in 
breadth and length and its cast is a pointed wedge, 
that of Anchiceratops retains the same breadth 
and length almost to the lower extremity. 

Exact data on the relative sizes of brain case 
and pituitary fossa in dinosaurs have been given 
by Janensch (’35) — data which are not known of 
any living animal. Janensch was able to study 
several brain casts of three Jurassic sauropod gen- 
era, the entire skeletons of each of which were 
known to him and, in one instance, even that of the 
very individual which furnished a cast. This was 
a representative of those greatest giants which 
ever trod the earth, viz. the genus Brachiosaurus 
which could raise its head 12 m. above the ground; 
the body reached 25 m. in length, and some 50 
tons in weight. 

Janensch estimates the body of his specimen in 
life at 25 cubic meters. It has a brain cavity 
proper of 309.5 cubic cm. and a fossa hypophyseos 

13.8 ccm. « 4.5 percent of the brain cavity. In a 
smaller Brachiosaurus skull, the proportion is 
198.2 :15.2 « 7.4 percent. In the smaller genus 
Barosaurusy in an individual the body of which 
was estimated at 15 cubic meters, a brain cast of 

198.8 ccm. had a much larger hypophyseal ap- 
pendage — 18.5 ccm. « 9.4 percent. Within the 
species, however, the smaller the skull, the smaller 
the relative size of the PB was found to be — ^for 
instance, 9.2 ccm. « 7.6 percent of the 120.8 
ccm. brain cavity. In the still smaller Dicrae- 
osaurus (skeleton-length 13.20 m.), the numbers, 
including a parietal sinus of the brain cavity, are 
194:14 ■■ 7.2 percent; excluding the sinus, 140.8: 
14 « 9.9 percent. 

These figures prove that there existed a tribe 
of animals in which the PB was so large that the 
volume of its capsule was as much as iV of the 
brain case volume. This was the group which 
contained the largest terrestrial animals ever 
known. 

Pointing to the prevalent sterility in human giants 
and acromegals, Nopesa suggested that h 3 rperpituitary 
decrease of sex functions, along with the general de- 
crease of natural resistance in any giant body, was the 
cause of extinction of the sauropods. In our opinion, 
Nopesa goes too far in stressing the parallel between 
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the normal dinosaur giantism and the human hyper- 
pituitary diseases. Particular objections spring from 
two standpoints: 

1. The sauropods flourished for many millions of 
years after reaching giant size. Abundant up to the 
end of the Cretaceous period, they then disappeared 
together with practically all characteristically Mesozoic 
phyla, small and big. 

2. The anterior pituitary lobe itself also produces a 
sex hormone, and this normally prevails over the growth 
hormone in the adult. Sexual dysfunction in hyper- 
pituitary women has been observed by Henderson to 
occur only when the sella turcica is considerably en- 
larged by an adenoma of the PB. This pathological 
growth compresses the cells which elaborate the 
hormones controlling sex function, but it does not 
destroy them. After operations with radical extirpa- 
tion of the adenoma, Henderson found that the normal 
menstrual cycle was resumed and pregnancy occurred. 
The enlargement of the dinosaur fossa hypophyseos, 
however, was normal. Animal experiments too have 
shown that certainly not every kind of hyperpituitarism 
causes sterility. Experimental administration of cattle 
anterior lobe, even though disturbing the sexual 
rhythm in young rats, has increased sex activity in 
senile rats, caused hens to lay more and larger eggs, 
produced hypertrophy of the gonads in young alligators, 
and stimulated the ovaries of frogs. 

m. BIRDS 

The general remark in the Haftdbuch der Zoologie 
on the avian PB, ^'wenig entwickeir (Stresemann, 
p. 107), calls for correction. Kiienzi^s compari- 
sons of the brain-part surfaces throughout the bird 
system showed that the PB is relatively small, for 
instance, in sparrows, rather large in fowd, and 
very large in the ratites. 

The greatest body-size also is attained by the 
earth-bound ratites. The largest ostriches reach 
260 cm. body-height; the largest flying bird, the 
albatross, 116 cm. 

Flightless types in various euomithid orders 
also developed giant forms. The largest living 
penguin, the emperor, stands 1 m. high. Its PB 
should be investigated together with that of a 
small penguin. A Miocene penguin was twdee as 
large as the emperor penguin. Its skull, however, 
is still unknown, and so is the skull of an Eocene 
ground-bird of fourfold ostrich-height. 

The largest ratite genera are also extinct. Com- 
plete skeletons have been mounted from medium- 
sized bones only, not from the largest. That of 
a Dinomis maximuSy the New-2^aland Moa, is 
255 cm. high; one of the Madagascar Aepyomis 
maximus, 300 cm. 


Now the very strata which contain the remains 
of these subfossil heavy giants have also furnished 
remains of smaller, lighter-built representatives 
of the respective families to which the giants be- 
long, down to the size of a turkey. It is obvious 
that the smaller forms, although they lived to- 
gether with the giants, are less advanced types. 
They are therefore considered the ancestral forms 
(Lambrecht), and we here possess evidence of 
development of giantism within families. Since 
the avian brain is so tightly fitted into the skull 
that endocasts furnish exact replicas of the brain 
form, and since the avian PB, set well off the 
brain by its long stalk, is encased in a separate 
bony chamber, the two ratite families furnish 
excellent tests of the problem we are con- 
cerned with. 

Dinomithids 

We have said that Elliot Smith was struck by 
the size of the PB in the Moa. Owen, too, who 
first described the brain of Dinornis maximus, had 
remarked in 1872: “The hypophysis, as repre- 
sented by the cast of the sella, is of considerable 
size.” The significance of this becomes apparent 
when the Dinornis endocast (Royal College of 
Surgeons, London, catalogue number D. 148) is 
compared with an endocast of the smaller 
dinomithid Anomalapteryx (Senckenberg Mu- 
seum, Frankfurt a.M., .Av. 29 a). 

Not having sawed skulls at hand in which to 
measure the interior spaces, and not being able 
to take volumetric measurements on the plaster 
casts or to apply a formula to those differently 
shaped parts of the casts, the writer took recourse 
to a simple method feasible for comparison, though 
inaccurate as to absolute size. The three diam- 
eters of the PB casts were multiplied with each 
other, and so were those of the forebrain casts (the 
form of which, unlike that of other brain parts, is 
similar in both families investigated). The imagi- 
nary cubes, of course, suggest volumes larger than 
are actually present either in the wedge-shaped or 
globular PBs or the heart-shaped forebrains. As, 
however, they are only computed for the sake of 
comparison with each other, the relative figures 
at which we are finally aiming, the proportion of 
the cubes, cannot be far from the true proportions 
of PB and forebrain. Indeed, Rost calculated 
the volume of the PB in two races of pigeon by 
addition of section superficies as well as by multi- 
plication of the diameters of the PB and, in spite 
of the difference in the resulting absolute numbers, 
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found practically the same int^r-racial ratio by, 
both methods, namely, 1:1.414 and 1:1.49, re- 
spectively. 

In Anomalapteryx didifonnis, the diameters of 
the PB are 8.5, 7, 8 mm., the cube, 476 cmm.; 
the telencephalic cube is 29.500 cmm. The pro- 
portion of PB size to forebrain size, therefore, is 
1:62 (1:67 in the ostrich endocast RCS, D 155). 
In Dinornis maximus^ the figures are 12x12x14 
mm. = 2016 cmm. and 68.880 cmm.: the proportion 
is 1 :34. In relation to forebrain size, the pituitary 
body of Dinornis thus is found to have had almost 
twice the size of an Anomalapteryx PB. The ratio 
Anomalapteryx '.Dinornis is: body height, 1:2.1; 
forebrain volume, 1:2.2; but PB volume, 1:4.2. 




Fig. 2. Outlines op Endocranial Casts of (a) 

MuLLERORNIS AGIUS (b) AePYORNIS MAXIMUS 

Left side views, two-thirds natural size. In (b) the 
cranio-phar)mgeal canal is seen to open into the 
pituitary fossa from below, the carotid artery canal 
from behind. 

Aepyornithids 

It is true that we do not know the size of the 
individuals which furnished endocasts of brain 
cases either in the dinomithids or the aepy- 
omithids. However, the author’s investigation 
of 6 aepyomithid brains belonging to 4 species 
(Edinger ’42) showed that two brains of one 
species are almost exactly alike, in spite of the size 
variability within aepyomithid species. Only 
one brain of each species was complete with PB. 

Seen from above, these casts are rather similar 
to each other and to ostrich brains. The lower 


side reveals striking differences: the PB of the 
ancestral genus Mullerornis is the size of a blue- 
berry (384 cmm.), that of the largest Aepyornis 
species, A. maximus^ is the size of a cherry (3038 
cmm.). The PB volume compares to the fore- 
brain volume, with rising body size, as follows: 
Mullerornis y 1:102; Aepyornis hildebra^idti, 1:82; 
Aepyornis medius, 1:36; Aepyornis maximus^ 1:24! 

When reading the table of interspecific ratios 
given in Table 1 (computed from numbers to be 
published in Edinger ’42), the following points 
should be bom in mind: 

1. Below the stalk, which is not included in the 
measurements taken, the PB of Aepyornis maximus 
bulges out to form a globe, while those of Mullerornis 
and the smaller Aepyornis species are somewhat 
flattened antero-posteriorly; that is, the computation 
of the “cube” exaggerates the size of the PB more in 


TABLE 1 
Interspecific ratios 



BODY- 

HEIGHT 

FOBE- 

BEAIN- 

VOLUME 

P.B.- 

VOLUME 

Mull.: Aep. hild 

1:1.1 

1:1.6 

1:2.0 

Mull.: Aep. med I 

1:1.4 

1:2.0 

1:5.6 

Midi.: Aep. max 

1:1.7 

1:1.8 

1:8.0 

Aep. hild.'.med 

1:1.3 

1:1.2 

1:2.8 

Aep. hild. '.max 

1:1.6 

T.l.l 

1:4.0 

Aep. med.'.max 

1:1.2 

1:0.9 

1:1.4 

1 


the case of the smaller s{)ecies than in the giant, the 
relative PB volume of which would therefore appear 
even larger had the actual volumes been measured. 

2. The body-heights are two-dimensional measure- 
ments and their comparison does not express the in- 
crease in body-volume in the evolution of the 
aepyornithids; this, naturally, was greater. However, 
height-comparison throws more light on the respective 
body- volume of these animals of identical build, with 
so small a trunk between such enormous legs and neck, 
than it would in almost any other animal. The 
numbers in the first column of the table rely on no more 
than the following mounted skeletons: 

Mullerornis agilis: Tananarive (Madagascar), 148cm. 

Aepyornis kildebrandti: Tananarive, 165 cm.; London 
(England), 158 cm. « ~ 160 cm. 

Aepyornis medius: no skeleton mounted; 211 cm. 
was computed from medium height of Aep. max. by 
the proportion of the medium tibiotarsus lengths of the 
two species. 

Aepyornis maximus: Tananarive, 221 cm.; Paris 
(France), 300 cm. — 260 cm. 
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These figures are so striking that we may draw 
the following conclusions although they are based 
on but one brain case of each sj>ecies: 

With increasing body-height in aepyornithid 
birds, the forebrain volume increases at a slightly 
higher rate than does body-length (but presumably 
at a lesser rate than does body-volume) only when 
the primitive genus is compared with the advanced 
genus. Within the genus which developed 
giantism, forebrain increase stays behind increase 
in body-height. Meantime the PB increases at a 
much greater rate than does the body, manifesting 
almost 4i-fold the increase of forebrain volume in a 
comparison between the small genus and the largest 
giant species. 

Manifold though the activities of the PB are, 
the evolutionar>' trend in aepyomithids shows 
that this hyper-development of the PB was con- 
nected with their natural giantism. Even without 
the possibility of histological examination we are 
entitled to assume that the striking enlargement of 
these fossil pituitaiy^ fossae was due to an enlarge- 
ment of the glandular lobe of the long-vanished PB. 

Characters of subfossil ratites other than size likely 
to be due to hyper-activity of the PB 

It has long been known that the volume of 
eggs of all Aepyornis species, above and below’ 
ostrich size, is much larger than that of ostrich 
eggs. The diameters of Aepyornis eggs are 280- 
340 and 213-245 mm., those of ostrich eggs 150-155 
and 110-130 mm. This now^ proves to be a 
natural parallel, on a grand scale, to the effect on 
eggs of experimental hyperpituitarism: the eggs 
of pituitary- fed hens were over i heavier and 
it larger than the eggs of controls (Gutowska). 

Together with their usually large size, there is 
one other characteristic distinguishing ratites from 
flying birds which is influenced by pituitar}’ hor- 
mones — their plumage. Plumage development is 
controlled by the thyroid, the action of which, 
however, is regulated by the PB. Hypophysec- 
tomy in adult pigeons was followed by heavy 
moulting (Hill) ; the feathers of chickens hj^pophy- 
sectomized as embryos were shorter and less well 
developed, their sheaths were thicker and tougher 
and did not release the barbs as easily as in con- 
trols (Fugo). Implantation of anterior lobe 
stimulated feather regeneration (Voitkevic). 
Likewise, in human pathology, reduction of pitui- 
tary function causes loss of hair, while increase in 
hair-thickness and of the areas of hair-distribution 


(hypertrichosis) is observed in more than half 
the cases of giantism and acromegaly. Thus the 
fact that DinorniSf according to the numerous pits 
for feather insertion found in the metatarsal integ- 
ument, must have been feathered down to the toes 
(Owen, 1883), and the peculiar '‘hair-likeness” 
and luxuriance of the plumage of the large ratites, 
now appear as a natural parallel to human hyper- 
pituitary hypertrichosis. The looseness of the 
ratite feather barbs obviously is a natural counter- 
part to Fugo’s experiment. The plumage of the 
aepyomithids is not known, but feathers of 
Dinornis have been found; they are soft, their 
barbs do not cling together to form a vane but are 
loose, filamentary: just the opposite to the feathers 
of Fugo’s hypophysectomized chicken. 

From the ecological viewpoint, this kind of 
feather is just one of the characteristics of birds 
unable to fly, and so is their size. How ver>^ far 
we are from being able to discriminate cause and 
effect, from knowing w’hat is primaiy’ and what is 
secondary, is obvious from the existence of Lowe’s 
doctrine according to which the ratite type is 
primitive, and branched off the main bird stem 
before flight was developed. If this were so, then, 
from the standpoint of the present investigation, 
we certainly could not consider the ratite feathers 
as signs of a kind of pituitary "disturbance” for 
they would be primitive, no "Zuruecksinken auf 
den T\ 7 )us der Halbdune” (Stresemann). While 
agreeing with Romer’s ecological interpretation 
of the origin of flightless birds, namely, that birds 
were liable to return to ground life in areas free 
from enemies (that is, areas in w^hich extravagant 
h>’perpituitarism and h> 7 )opituitarism (island 
dwarfs!) could also develop without immediately 
endangering the species), we note that no less an 
ornithologist than Stresemann forms just the 
reverse conception. In his opinion, the loss of the 
power of flight w’as the inevitable consequence of 
increase in body-size. From our point of view, 
this would mean nothing less than that the de- 
velopment of the ratite bird type was due to the 
activity of the pituitary” gland! 

Wiman (see Edinger and Wiman) has discovered 
a canal running from the nethermost pit of some 
Aepyornis (but no MuUeromis) pituitary fossae 
downwards and slightly backwards to the j>alate. 
The "venous foramen” on the lower side of the 
basisphenoid and the "mid-vertical canal” de- 
scribed and figured by Owen (1879, p. 263, 272, 
280) in three Dinomis species show that such 
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persistence of the cranio-pharyngeal canal occurred 
in the other subfossil giant ratite family too. 
There is no record of this feature in other birds. 
JaekePs search for the cranio-pharyngeal canal in 
present-day reptiles succeeded in discovering it 
only in three individuals; it may be significant that 
these were one alligator, one turtle of the large 
species Chelone midas whose shell reaches 130 
cm. in length, and one lizard of the largest tejid 
species Tupinanibis teguixin which is almost 1 m. 
long. We mentioned above that this embryonic 
character was retained in the largest-known, thus 
doubtless hyperpituitary. Ichthyosaurus (according 
to Fraas: GefUsskand, p. 15), but also in “smaller” 
Ichthyosauri which, however, would have been 
considered giant reptiles had they lived to-day. 
It is certainly striking that the same is the case 
in Plesiosauria. The basisphenoid foramen de- 
scribed by White (’35) in the largest known plesio- 
saurian, the 372 cm.-skull of Kronosaurus^ exactly 
corresponds to the pharyngeal opening of the canal 
descending from the ichthyosaurian fossa hypo- 
ph)rseos, and so does this foramen in the 68 cm.- 
long skull of Macroplata (White ’40). As “extra- 
ordinary, . . . unique for Trinacromerum and 
Polycotylus among Plesiosaurs” this same foramen 
had been mentioned by Williston; it thus existed 
in a third plesiosaurian family, in animals of 3 m. 
body length. A median foramen in the palate 
of the type skull of the largest pterosaurian, 
Pteranodon ingensy is regarded as Hypophysenloch 
by Versluys (p. 758) ; in my opinion, however, the 
p)osition of this vacuity (in front of the orbits in an 
animal whose brain lies behind the orbits) forbids 
this interpretation. On the other hand, a per- 
sistent cranio-pharyngeal canal is observed in all 
skulls of one giant dinosaur family, the Atlanto- 
sauridae. 

It thus appears that persistence of the embryonic 
cranio-pharyngeal canal is much more common in 
giant birds and reptiles than in small ones. Should 
more material prove this to be true, the canal might 
be considered another sign of sauropsid hyper- 
pituitarism. 

There is also one record of the canal in an adult 
giant whale (The Pituitary Gland y Fig. 93a). On 
the other hand, it follows from Cave’s statistics 
of the occiirrence of the canal in higher primates 
that within a non-hyperpituitary group of mam- 
mals the frequency of persistence of the canal 
is by no means proportionate to body-size; the 
canal was present in 0.2 percent of the 5000 human 


skulls investigated by Cave, while the percentage 
in his ape material was: Orang, 14 percent; Gorilla, 
35 percent; Chimpanzee, 64 percent. 

IV. MAMMALS 

The very name “sella turcica,” derived from 
human osteology, indicates that the mammalian 
PB does not possess an actual bony capsule (and 
the term should not, in the writer’s opinion, be 
applied to such fossae as are found, e.g., in birds). 
Not even the clinoid processes transversely border- 
ing the laterally open “saddle” are present in every 
mammal. De Beer’s description of the complete 
absence of a dorsum sellae in Sorex (1929: “the 
floor of the pituitary fossa — if it is permissible to 
speak of such a structure in Sorex — passes in- 
sensibly back into the basal plate”) is rendered 
particularly instructive for the palaeo-endocri- 
nologist by the addition of a list of mammalian 
genera exhibiting a similar state as well as a list of 
genera with a well-marked dorsum sellae. The 
former belong to the most primitive orders, 
Monotremata, Marsupialia and Insectivora, and 
to Sirenia and Edentata. The latter are Roden- 
tia, Carnivora, Ungulata and Primates. But 
in the latter orders too, the palaeo-neurologist 
may find on the base of an endocranial cast only a 
low, ill-delimited protuberance representing the 
shallow depression in the sphenoid, upon which, 
rather than in which, the gland lay in the living 
animal. Furthermore, there are also mammals 
lacking any trace of a sella. 

Thus, as far as Mammalia are concerned, the pro- 
posed investigation rests mainly with the neo- 
zoologist. Fortunately, some information on 
the PB of living mammals has already been pub- 
lished which yields results when viewed from our 
present standpoint. On the other hand, a great 
proportion of the existing endocasts of fossil mam- 
mals was described at the time when anatomists 
were mainly interested in forebrain convolutions, 
hence they published only top-view illustrations, 
and scarcely mentioned a single feature of the 
brain base. 

This is, for instance, true of the description of 
the endocast of the Pleistocene marsupial 
Thylacoleo (of lion’s size). The specimen in the 
endocast-coUection of the Royal College of Sur- 
geons of England shows, however, that this giant’s 
PB must remain unknown— only the dorsum sellae 
has left a mark. The case of the cranial cavity 
of the living Phascolomys is entirely flat in the 
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pituitary region, while that of the giant kangaroo, 
Macropus giganteus, bears a well-delimited 
prominence. 

From the endocast of TiUotheriumj the Eocene 
insectivore of bear-size, nothing but an extremely 
ill-dehned sella can be inferred. In accordance 
with Wislocki’s finding of extremely shallow sellae 
in living sloths (’38), the pituitary area is flat 
in endocasts of fossil Edentata; yet the Gravigrada 
include such contrasts as the lightly built Miocene 
types and the stout Pleistocene Megatherium of 
6 m. body-length. 

Some Carnivora endocasts show no distinct 
pituitary protuberance (Cams, Ursus^ Meles)^ some 
an ill-delimited one (LutrOy AiLuropus)^ and some 
obviously reproduce the distinct form of the 
PB: AiluruSy and most strikingly, Felis tigris. 
This tiger’s PB was 13 mm. long and 10 mm. 
broad. The cat’s PB measures 4 x 4 x 2-3 mm. 
(Trautmann) and thus is no smaller relatively 
than the tiger’s. Similarly, Robb’s comparison 
of the PB: body- weight ratio within one living 
rodent species demonstrated that the same decrease 
in relative PB-weight as takes place during grovrth 
in the small Polish rabbit and the giant Flemish 
rabbit is observed in the comparison of the adult 
forms; the relative PB-weight is even larger in the 
full-grown ‘‘dwarf” than in the “giant.” If, how- 
ever, comparison is made betw’een the endocasts 
of various rodent genera, the pituitaiy^ region is 
seen to be flat but for one striking exception. 
This concerns the most bulky living rodent, 
Hydrochoerus (1 m. long, i m. high), which has, 
below a forebrain 65 mm. long, a pituitary pro- 
tuberance 12 mm. in length. 

The coin-shaped PB of the halicorid Sirenia 
makes hardly any impression in the flat sphenoid 
bone — but here too w'e encounter one significant 
exception. On endocasts of the giant seacow, 
the 7-10 m.-long subfossil Rhyiinay there are 
slight h>pophyseal elevations measuring no less 
than 21 x 33, 28 x 35 and 29 x 29 mm., while 
forebrain-lengths are 120-123 mm. 

One of the few differences between the endo* 
cranial casts of the Eocene oldest sirenian and 
oldest proboscidean genera is that the latter has 
a prominent PB 14 x 9 x 4 mm. In the endocast 
of an ElephaSy however, the pituitary region is 
indistinctly modelled. From a figure of an ele- 
phant brain (Smith ’02), PB length and breadth 
have been measured at 40.3 and 24.5 mm. re- 
spectively. Likewise, Wislocki (’39) found the 


diameters of the PB of an adult Indian elephant 
42 X 26 X 12, and he states that the proportion of 
its 7.53 g. weight to body-weight is no larger than 
in the hog (0.0002 percent = 1:50,000). But in 
the present context it appears significant that the 
neural lobe is very much smaller than the glandular 
lobe, their weight-ratio being 1:8.4. The only 
other record on the elephant PB is macroscopical 
only and refers to a 25-day-old calf (Dexler ’07); 
the diameters are 24 x 16 x 6. 

In a survey of the Roy. Coll. Surg. ungulate 
endocasts, the size of the pituitary protuberance 
in Hippopotamus at once strikes the eye. Its 
diameters are 27 x 25 x 17 mm. (forebrain-length 
117 mm.), while the base of a Sus scrofa cast, writh 
a forebrain of 86 mm. in length, is quite flat and 
unaffected by the gland, which measures in the 
pig 8-10 X 7-8 X 6-7 mm. (Trautmann). Most 
endocasts of artiodactyls bear some impression 
of a sella, but again that of a giant — the Pleistocene 
giant deer, Megaceros — is arresting for its dis- 
tinctly modelled, large pituitary’ protuberance; 
this has a steep front of 13 mm. depth, a length 
of 28 mm., and a breadth of 22 mm., but it is, of 
course, not so well delimited laterally as in the 
other directions (forebrain-length 125 mm.). 

The rhinocerid sella space is confluent with the 
chiasmatic groove; it thus cannot be measured on 
casts. In Milne-Edwards’ sagittal sections of 
skulls of the Pleistocene Rhinoceros tichorhinus 
and a R, unicornisy the sella is deeper and longer 
(in relation to forebrain length: 161 and 131 mm., 
respectively) in the larger animal. Prof. W. K. 
Gregory’ of New York was so kind as to examine 
together with the present writer the base of the 
endocast of the largest known land-mammal, the 
Oligocene rhinocerid Baluchitherium. This giant 
had a forebrain only’ 125 mm. long in its 125 cm. 
skull. We found the PB ill-defined but ap- 
parently large. It seems to have extended over a 
space of approximately 45 mm. behind the optic 
foramen; the deepest point of the sella, 5 mm. 
below’ the brainbase, is 25 mm. behind the base of 
the optic foramen. This statement will, of course, 
become of value only when the PBs of the vari- 
ously sized living rhinoceroses will have been 
investigated. 

The sella of living horses is known to be ex- 
tremely shallow; endocasts have no pituitary 
prominence. No endocast of the little ancestor 
Eohippus is known, and the descriptions of the 
Mesohippus brain neglect the base. When we 
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compare Trautmaim’s sagittal sections of the 
PB of ass and horse, we note a difference significant 
in the light of the present investigation. The 
diameters may be said to correspond to the differ- 
ent body-sizes: 17-19 x 16-18 x 4.5 in Asinus^ 
and 17-24 x 20 x 6.5-8 in Trautmann’s and 21 x 
25 X 8.5 in Lothringer^s JB^««^-specimens. But 
the glandular proportion is much greater in the larger 
genus \ the pars nervosa is embedded in it like a 
stone in a fruit, whereas in the smaller genus it 
really is a posterior lobe, enveloped by the anterior 
lobe only at its rostral extremity. The same differ- 
ence in composition is obvious from de Beer’s 
sections of pig and ox PBs (’26) ; the pars glandu- 
laris is far larger in relation to the pars nervosa 
in the ox than in the pig. This phenomenon is 
most strikingly illustrated in the whales. 

The order Cetacea contains, in the living whale- 
bone-whales, the largest animals of all times. 
The reader who has followed our exposition so far 
will therefore learn without surprise that the 
cetacean PB is very markedly different from aU 
other mammalian PBs in gross as well as micro- 
scopical anatomy. Rather will he be amazed at 
statements such as: “The underlying significance 
of the differences . . . remains obscure”; the sug- 
gestion that the pituitary modification meets 
needs of marine life; and the construction of a 
genetic linkage between those peculiarities of the 
PB in whales and the loss of their pelvic extremities 
— ^all published in the last decade. 

The pituitary depression in the cetacean sphenoid 
is shallow in extant forms, and transverse processes 
are either hardly perceptible or else absent. Hence 
the pituitary region of endocasts of living whales 
is either smooth or shows a slight indistinct promi- 
nence. But on endocasts of the earliest whales one 
finds, apparently as one more trace of their car- 
nivore parentage, an oval prominence at the site 
of the PB — in the Middle Eocene Prozeuglodon 
as well as in the Upper Eocene Zeuglodon (Dart; 
no measurements). In the Miocene Prosqualodon, 
the pituitary region of the brain case is flat. 

The peculiarities of the cetacean PB are: the 
absence of a pars intermedia and of a residual 
lumen, and the great size of the extremely vascular 
glandular lobe which is completely separated by a 
dural fold from the small avascular neural lobe. 

The total weight of the whale PB naturally is 
very small indeed if expressed in percentage of 
body-volume: 0.0027-0.0034 (man: cf, 0.010; 9, 
0.014). But Vals6 weighed anterior and posterior 


lobes of several Balaenoptera sibbaldi separately; 
maximum, minimum and medium numbers are 
53.3-16.7-32.5 and 1.9-1.0-1.4 g., respectively. 
From these numbers the present writer has cal- 
culated the ratio of neural lobe to glandular lobe, 
as: maximum, 1:28; minimum, 1:16.7; medium 
1:23, The last-named (medium) proportion also 
results from Wislocki and Ceiling’s weights found 
in a Physeter of 45,000 kg. body- weight: pars 
posterior, 0.55; pars anterior, 12.7 g. (1:23), and 
likewise from their Balaenoptera physalus weights: 
1.4 and 32.5 (1 :23). Great though the variability 
in these weights is, no such ratio is found in any 
other PB investigated. From values compiled by 
Wislocki and Ceiling, and van Dyke, the following 
ratios were calculated for comparison: man: 
c?*, l:3.0-3.3, 9, l:4.5-4.8; cat: d', 1:2.2, 9, 
1 :1.8; rabbit: c?*, 1:3.6, 9, 1:5.1; rat: c?’, 1:4.5- 
7.5, 9, 1:5.7-12.2. 

If Ceiling and Robbins’ dorsal views of the in- 
tact PB of adult specimens of five cetacean genera 
{The Pituitary Gland) are viewed from our present 
standp)oint, they at once show that the peak of size 
discrepancy between the two pituitary lobes is 
reached in the largest genera. Each figure shows 
the neural lobe lying on a glandular lobe of similar 
contours like a small object on a large cushion. 
But the transverse diameters of the neural and 
glandular lobes, as taken from the figures, are: 
Denticeti: 

Tursiops truncatus (maximum body-length: 
4 m.): 6 and 10 mm. = 1 :1.7 

Delphinapteras leucas (6 m.) ; 1 1 and 23 mm. « 

1 : 2.1 

Physeter macrocephalus (23 m.): 3.5 and 21.5 
mm. « 1:6.1 
Mysticeti: 

Balaenoptera physalus (24 m.): 7.5 and 24 nun. 
- 1:3.2. 

Second specimen: 8.5 and 26 mm. - 1:3.1 

Balaenoptera sibbaldi (31 m.) : 7.5 and 35 mm. — 
1:4.7. 

These proportions of transverse diameters are 
not, of course, the proportions of lobe volumes, the 
discrepancy of which is far greater. In a side view 
of a Physeter PB, the neural lobe is seen as a thin 
tongue lying on the huge ball of the glandular lobe. 
But even the diameters show that the character- 
istic described as particularly striking and obscure^ 
namely the relative size of the growth-promoting 
lobe, is the more striking within each suborder, the 
larger the body-size attained in the species, and 
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therefore not obscure. The phenomenon is, in 
the writer’s opinion, fully explained by the fact 
that the order in which these peculiar PBs occur 
is the order in which the largest animals developed. 
Judging from the anatomy of the PB in the por- 
poise, it seems that a group which is prone to 
develop giant forms may be provided with a rela- 
tively large glandular lobe in its smaller repre- 
sentatives too. 

The largest known primate was the Pleistocene 
Megaladapis whose skull was over 30 cm. in 
length — like AepyorniSy a native of Madagascar. 
Unfortunately, an endocast exists only of the 
upper part of the brain case. The endocranial 
casts of Homo primigenius likewise do not include 
the PB. 

V. THE RELIABILITY OF THE PALAEO-ENDOCRLVO- 
LOGICAL CONCLUSIONS 

Doubts have been expressed regarding the re- 
liability of the palaeontologists’ inference from the 
size of the pituitary fossae to their contents. They 
can now be considered resolved by the data given 
above, at least in so far as the size differences 
between the fossae of small ancestors and truly 
gigantic descendants are concerned. The in- 
crease in size, relative to brain size, of the latters’ 
pituitary fossae cannot be due to anything but an 
enlargement of the growth-promoting glandular 
lobe of the PB. 

Certainly the fossa contains, apart from the pars 
glandularis projjer: meninges, vessek, sometimes 
cartilage, (in mammals) part of the tuber cinereum, 
sometimes part of the infundibulum which may 
contain a cavity, two further but smaller epithelial 
parts, viz., pars intermedia (absent, e.g., in birds 
and whales) and pars tuberalis (absent in certain 
lower vertebrates and in sloths) , and, always, a pars 
neuralis. The latter has recently been found to be 
another gland of internal secretion (van Dyke, 
II, p. 291); its hormones, however, influence but 
the movements of the uterus, blood pressure, and 
diuresis — on experimental removal of the neuro- 
physis alone, no visible function is suspended, and 
of course the body is not changed. The changes in 
body build consequent on radical hypophysectomy 
are, therefore, due to the loss of the pars gland- 
ularis. 

Outstanding among these changes is the cessa- 
tion of growth, although about 15 different hor- 
mones are ascribed to the gland. Outstanding 
among the differences betw^een fossil vertebrates, in 


the phylogeny of which the increase in fossa hy- 
pophyseos volume far surpasses the increase in 
volume of the rest of the neurocranium, is the 
difference in body-size. 

It is true that differences have been found be- 
tween the PBs of small and large related living 
animals which evade palaeontological investiga- 
tion, namely, different proportion of the lobes 
within the pituitary compound, and differences in 
the histological structure of the glandular lobe. 
No volumetric comparison of PB or fossa would 
reveal an increasing preponderance of the gland- 
ular, growth-promoting lobe such as is observed in 
a comparison of the PBs in the whales with in- 
creasing body-size. The same would, of course, 
apply to the two pigeon races of 28 and 55 cm. 
body-length, the PBs of which have been compared 
by Rost. He found a considerable amount of 
colloid-filled cysts in the PB of the smaller race 
which he regards as holding back in the gland 
hormones not needed in the formation of the 
smaller body. Rost’s following statement recalls 
our comparative observations on whales: 

*‘Der Vergleich des glandula.ren Anteils der Hypophyse 
lasst zunachst einen wesentlichen Unterschied im 
Hinblick auf ihre Volumina erkennen, w*elche in einem 
Verhaltnis von etw^a R6:M6 [larger to smaller race] ■« 
3:2 stehen. Dieses Verhaltnis ist in Ubereinstimmung 
zu bringen mit dem Unterschiede der Korperdimen- 
sionen” (p. 263). 

Unfortunately, neither in rabbits, whales, nor 
pigeons (apparently the only living animals in 
which so far PBs of small and large representatives 
have been compared) has the size ratio between PB 
and brain been investigated. While these com- 
parisons furnish no direct parallels to our results of 
endocranial cast measurements, the finding of ex- 
traordinarily large glandular lobes in the giant 
whales and pigeons indirectly stresses our assump- 
tion that a larger pituitary’ fossa of a larger animal 
signifies an enlargement of no other part of the 
PB than the glandular lobe. 

It follow^s from the various evidences now at 
hand that Nopesa was perfectly right when cor- 
relating dinosaurs’ giantism with their hyper- 
trophic PB. Yet only recently an objection to 
Nopesa’s theory has been voiced which must be 
discussed since it comes from the discoverer of the 
largest reptilian PBs, Janensch. “Die bekannte 
Hypothese, die die Riesengrbsse der Sauropoden 
mit einer angenommenen Hypertrophie der Hy- 
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pophyse in Zusammenhang bringt, scheint mir bei 
zahlenmassiger Priifung an Wahrscheinlichkeit 
einzubiissen.” 

It is true that the biggest of the three contem- 
poraneous sauropods investigated by Janensch did 
not have the largest fossa, neither absolutely nor in 
relation to brain-size. But not even Nopcsa 
would have expected this; even when referring to 
established ancestry, he qualified his statement of 
increase in PB volume to “on the whole”. 

Apart from his specific discovery that the PB of 
the largest sauropod individual was not the largest 
in the suborder, Janensch ’s general reason for 
doubting Nopcsa is his objection to comparisons of 
brain volume and PB volume. This he thinks 
misleading because the brain of the giant sauropods 
“naturgemass relativ klein war” — as, let us add, 
was any part of their relatively tiny head. While 
we regard it as fortunate to find the growth-pro- 
moting organ so near to the brain, the prototypal 
organ which is least involved in body enlargement, 
Janensch stresses the importance of comparing 
PB-volume with body-volume. His above-quoted 
conclusion rests on the fact that the PB compares 
to the body: in pigeons, in the proportion of 
1 :23,000; domestic fowl, 1 :110,000; ducks, 1 :200,- 
000; but 1:800,000 in Barosaurus md 1:1.800,- 
000 in Brachiosaurus whose PB thus appears to be 
small. 

To relegate these figures to their right place in 
our argument, it is hardly necessary to point to the 
mechanical impossibility of finding room, in the 
miniature head of a bulky sauropod, for a PB as 
large in relation to body-size as is provided for in 
the big skull of a slender bird. It is sufficient to 
stress the ordinary variability of the volume of the 
PB, the relations of which are far from being re- 
stricted to growth alone. For instance, the 
cf/ 9 difference in children from birth to five years 
of age is no less than a PB-weight: body-weight 
ratio of 1:44994/ 9 9 1:3252 (Lucien). 

The average weight of the PB in a nuUiparous 
woman is 61.8 centigrams, in primiparae it is 84.7 
eg., in multiparae, 106 eg.; the enlaigement takes 
place in the anterior lobe only, does not affect the 
length of the PB (hemmed in by the sella), but in- 
creases the breadth from 14.4 to 17.5 and the 
height from 5.9 to 8.0 pun. (Erdheim and Stumm, 
quoted from Wittek). Wittek^s examination of 
734 cattle showed that while there is a steady in- 
crease of pituitary weight with increase of body- 
weij^t in both sexes, two 3-year-old bulls of the 


same body-weight had PBs of 1.90 and 3.02 g., 
respectively; two such cows, even 2.6 and 6.2 g,, 
respectively. 

It follows that comparison of conditions in re- 
lated, contemporaneous, single individuals cannot 
impair a statement which applies to extensive 
phylogenetic development: namely, that small 
dinosaurs had relatively small PBs while PB-vol- 
ume increased, on the whole, in direct proportion to 
the development of their giantism. 

Consequently, it may well be that when the sug- 
gestions made in this paper are carried out by 
neozoologists, the differences in structure and in 
size relative to the brain between the PBs of small 
and gigantic genera expected by the palaeozo- 
ologist will fail to be found. Such cases are 
already established; but they only recall the 
palaeo- and neo-zoologists’ different views of the 
inheritance of “acquired characters”: the palae- 
ozoologist firmly believes that he can follow this 
phenomenon throughoiU the ages^ to which the 
neo-zoologist retorts that it cannot be demon- 
strated in our lifetime. 

The difference between the PB of a small an- 
cestral genus and that of its gigantic descendant 
does indeed not seem to be paralleled in the volume 
of the PB of Felis domestica and Felis tigris^ our 
contemporaneous species of one genus on the same 
evolutionary level. Robb has already denied any 
difference between the relationship of PB-weight 
and that of eyeballs, etc., to body- weight, on the 
ground that there is no difference in the mass of the 
PB that can be correlated to the size differences 
attained in two breeds of one and the same living 
species, the domestic rabbit. In both these cases, 
the composition of the PB is not known; further- 
more, the animals compared differ exclusively by 
their size. It is, however, not only size by which 
Aepyornis is distinguished from MuUeromis, but 
there is also a progressive increase of, for instance, 
bone density in the family. Not only because of 
their size are the sauropods called “dragons”. 
A long evolution led them away from the un- 
specializied reptilian type and size of their an- 
cestors. The hippopotamus is not just an enlarged 
pig as the tiger is an enlarged cat; the sperm whale 
is not an enlarged porpoise but a porpoise further 
developed in many ways. It remains to be in- 
vestigated which kind of size differences are always 
paralleled by definite size differences of the PB. 

No external cause can be made responsible for 
the development of either individual or phylo- 
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genetic hyperpituitary giantism. Bailiff’s ex- 
periments have shown that the PB actuaUy is 
influenced by external agents : microscopic changes 
and hypersecretion were produced in the glandular 
but not in the neural lobe by exposure of rats to 
cold for 9~56 hours. But human as well as ani- 
mal giants with extraordinarily active PBs have 
been observed to develop in their normal sur- 
roundings. The sudden manifestation of human 
hyperpituitarism is a pathological phenomenon to 
the medical profession whose object is present-day 
man; yet the palaeontologist notes that it is apt to 
become a hereditary disposition. The occasional 
occurrence of chickens with ostrich-like feather 
pecularities, however, is a mutation for the zo- 
ologist (Murphy); PB and thyroid may be sup- 
posed to be the primarily affected organs. Like- 
wise, one tadpole of one frog family in Hahn’s 
aquarium grew to double, and three tadpoles grew 
to 34 times the size of the others, and they ex- 
hibited wcry marked anterior lobe hyperplasia. 

Phylogenetic trend towards giantism also 
developed in every kind of environment, through 
such still unexplained changes in the germ plasm. 
Its occurrence can all the less be intrepreted in 
terms of Lamarckism since the accompanying bone 
changes vary from retardation of epiphysis ossi- 
fication with increased massiveness of the long 
bones (sauropod dinosaurs) to an abundance of 
bony outgrowths of the skull (ceratopsid dinosaurs, 
giant titanotheres, and rhinoceroses) and osteo- 
sclerosis (whales). This recalls the different 
response of different animals to experimental 
hyperpituitarism. 

Whichever conditions may one day be found to 
start and pave the way for the formation of giant 
animals, the fact can to-day be considered es- 
tablished, by the palaeontological evidence de- 
scribed above, that phylogenetic evolution of 
definitely gigantic types is accompanied by a 
conspicuous enlargement of the anterior pituitary 
lobe. 

VI. SUIOCARY 

Clinical experience shows that in human giants 
the glandular lobe of the pituitary body is ab- 
normally enlarged. Experimental administration 
of glandular lobe extracts stimulates body-grow th 
to such an extent that the animals may grow 
beyond the maximum normal size of their species. 
The present investigation furnishes some parallels 
in natural evolution : phylogenetic development of 


giantism in reptiles, birds, and mammals was found 
to be accompanied by a striking enlargement of 
the pituitary fossa which can only be due to an 
enlargement of the glandular lobe which secreted 
the growth hormone. 

In giant Jurassic dinosaurs, the volume of the 
fossa hypophyseos may amount to 10 per cent of 
the brain-case volume. 

Among the subfossil aepyomithids, pituitary 
volume compares to forebrain volume as 1 : 102 in 
the ancestral genus Mullerornis (body-height : 148 
cm.); within the genus Aepyornis, the ratio rises 
from 1:82 in A. hildehrandti (160 cm.) to 1:36 in 
A. tnedius (211 cm.), and to 1:24 in .4. tnaximus 
(221-300 cm.). While body-height was about 
doubled, the volume of the forebrain increased by 
four fifths, but PB- volume became eightfold. The 
extraordinary size of the aepyomithid eggs and the 
loose luxuriant plumage of the large ratites now 
appear as signs of hyperpituitarism. 

Similar h>pophyseal development as in the 
aepyomithids is observed in the dinomithids. The 
small dinomithid Anomalapkryx had a relatively 
larger PB than the larger ostrich ; the same was the 
case in the aepyomithid of ostrich size, and the 
composition of the porpoise PB points in the same 
direction: phyla apt to develop giant forms may 
he provided with a proportionately large glandular 
lobe also in the smaller representatives. The ex- 
traordinar>' size of the cetacean, particularly of the 
giant w hales’ anterior lobe is unparalleled. 

Although the sirenian skull usually possesses no 
pituitary^ groove, the PB of the 10 m.-long sub- 
fossil EJiyiim left an extensive impression in the 
sphenoid bone. A comparison of a large series of 
mammalian endocasts has show^n that the PB of 
giant forms may model the skull base in orders 
w'hich possess no sella. 

The present report is mainly based on endo- 
cranial casts, mostly of single representatives of the 
spxjcies. Its significance remains to be tested, as 
far as this is possible w^ithin the extant animal 
w'orld, by comparative investigation of pituitary 
glands. 

The author is deeply indebted, for the hospitality 
showni to her in London, during the studies undertaken 
for this paper, to Dr. C. Forster-Cooper, F.R.S., 
Director of the British Museum (Nat. Hist), and to 
Mr. W. N. Edwards, Keeper of the Department of 
Geology, for permission to work in the Department, as 
well as to Dr. A. T. Hopwood for his help with a 
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Assistant Conservator of the Museum of the Royal 
College of Surgeons, for permission to study this 
museum’s collection of endocranial casts (the brain 
collection was stored in a bomb proof cellar). Prof. 


C. Lamberton, of the Acad6mie Malgache, and Prof. 
C. Wiman, Upsala, my collaborator on the Acade- 
mic’s aepyomithid specimens, were so generous as to 
aUow me to mention data not yet published in the 
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STRUCTURAL RELATIONS IN CELL RESPIRATION 
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INTRODUCTION 

T he living cell exhibits two striking 
and apparently contradictory properties. 
In the first place, the substances that 
make up living protoplasm endow it 
with a certain morphological stability, 
which expresses itself grossly in the well-known 
intracellular structures such as the nucleus, 
chondriosomes, plastids and so on, and more finely 
in the p)ersistence of the physical and chemical 
prop)erties of protoplasm through the environ- 
mental, developmental, and evolutionary changes 
to which it is subject. This stability of living 
organisms, and the relative indep)endence of the 
cell from alterations in its environmental condi- 
tions (within certain limits), was one of the first 
of its properties to be recognized by biologists 
and led many to suppose that such effects could 
only be accounted for by a supernatural and direc- 
tive “vital force.” On the other hand, it was soon 
made abundantly clear that the apparent stability 
of the cell and of the whole organism is contingent 
uj>on a continuous interchange of matter between 
the cell and its environment — that life is char- 
acterized by the assimilation of substances from 
the outside world and the concommitant destruc- 
tion and excretion of intracellular material and of 
protoplasm itself. 

Thus, morphological stability and metabolic 
activity, while apparently antagonistic, are 
together the essential prop)erties of all living things. 
To date it has been impossible to separate these 
characteristics, and the smallest independent unit 
of structure, the cell, is also the smallest unit 
which is capable of maintaining complete metabolic 
activity. However, in recent years with the de- 
velopment of analytical biochemistry, it has been 
possible to break down the cell, extract certain 
of its components, and reproduce in-vitro various 
fragments of the metabolic process. This type of 
work has accumulated a large body of data which 


are in the main limited to the destructive processes 
alone. Perhaps the best known and most im- 
portant of these catabolic processes are those in- 
volving the oxidative degradation of organic 
metabolites, which in series make up “cellular 
respiration.” 

The very accumulation of these data has, in the 
last few years, forced upon research workers the 
problem of integrating this information and re- 
lating the separate reactions to the entire respira- 
tory process in the intact cell. It has become 
generally recognized that the separate in-vitro 
data on the various extracted parts of the respira- 
tory system do not in themselves provide an 
adequate picture of the behavior of this system 
in the cell itself. But there is a good deal of dis- 
agreement as to the manner in which these analyti- 
cal data are to be related to the properties of the 
entire cell. 

It has frequently been suggested, for example, 
that the total living system can be “reconstructed” 
by fitting together the various reactions which 
have been studied in extracts, as one would a 
jig-saw puzzle. Thus, according to D. E. Green 
(1) the biochemist must “resort to the disorganiza- 
tion of the cell in order to puzzle out the mecha- 
nisms of reaction.” 

The validity of this “reconstruction” method 
has been severely taxed by the evidence obtained 
from the extracts themselves. As will be shown 
below, these in-vitro data themselves necessitate 
the conclusion that the protoplasmic structure 
(which is destroyed in obtaining such data) plays 
the major r61e in orienting the metabolic reactions 
within the cell. Further, it will be seen that 
data obtained from intact cells often disagree with 
the behavior of reconstituted enzyme systems 
in-vitro. 

On the other hand, a number of workers have 
suggested, on the basis of specific evidence, that 
the properties of cellular metabolic systems must 
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be strongly conditioned by the intracellular struc- 
ture. ITius Warburg’s earliest work on cell 
respiration was accompanied by a strong emphasis 
of the r61e played by the structural arrangements 
of the cell constituents (2). Batelli and Stem 
(3) spoke of two types of cell respiration, one 
related to the cell structure and the other to the 
‘‘fluid” constituents. More recently, Korr (4) 
finds that “bioluminescence, like many other bac- 
terial oxidative phenomena, is closely associated 
with cellular structure.” Similarly, Stier and 
Newton (5) conclude that changes in the endog- 
genous metabolism of yeast are related to re- 
organization of the intracellular structure. Much 
of this type of implicit evidence has been discussed 
by Korr (6). 

It is becoming increasingly clear that cell struc- 
ture plays a major r61e in the orientation of cellular 
metabolic systems, particularly those concerned 
with oxidations. The literature contains much 
evidence obtained from intact cells that points 
to this conclusion. In addition there is a store of 
information concerning the properties of respira- 
tory enzyme systems which have been extracted 
from the cell, and so freed from some of its struc- 
tural limitations. It is our aim to correlate these 
two types of data with the purpose of describing 
what may be called the histor>^ or development 
of the structural properties of respiratory enzymes 
as they pass from the more “chemical” state of the 
in-vitro extract to their biological position in the 
intact living cell. It is hoped that such a dis- 
cussion will provide at least a tentative indication 
of the structural orientations which appear to 
regulate the activity of cellular enzyme systems. 

It is our purpose here to review certain of the 
data concerning the respiratory properties of both 
reconstructed systems and intact cells, with the 
view of demonstrating the relationship between 
these properties and the internal structure of 
the cell. 

THE SEQUENTIAL NATURE OF THE RESPIRATORY 
PROCESSES 

The net result of aerobic respiration in the 
cell is the combustion of an organic metabolite, 
the production of carbon-dioxide and water, and 
the consumption of oxygen. This process involves 
a series of oxido-reductions which can be very 
generally represented thus; 

D-H2-fC-D4* C-H 2 , C-H2-bi02->H20-hC 

where D-H 2 represents the metabolite, D the ox- 


idation products of the metabolite (eg. CQi), 
C a reversibly oxidizable carrier in its oxidized 
state, and C-H 2 the carrier in its reduced state. 
Actually, the “carrier” (C) may be a long series 
of reversible oxido-reduction reactions. The re- 
sult of this series of reactions is the transference of 
electrons, but as can be seen above, it is convenient ^ 
to picture the process in terms of hydrogen transfer. 

According to the “reconstruction” technique it is 
customary to interpret such a serial process in 
terms of the oxidation-reduction potentials of the 
individual reactions which constitute the chain. 
Thus, the generalized system above would be 
written: 

1) D-H, t:? D -f 2H -h 26 

2) C-H, C -f 2H -f 2€ 

3) H,0 ±:? JO, -h 2H -h 26 

The tendency of each of these reversible reactions 
to proceed in one direction or the other is expressed 
by the electron pressure which they produce or 
absorb, that is, by the oxidation-reduction poten- 
tial (Eo). It is then postulated that the 
ordering of the entire sequence is due to the quan- 
titative relations of the various reaction po- 
tentials involved. Thus in the case above, 
Eo(3) > Eo(2) > Eo(l), and the sequence is 
thereby determined. It would follow from such 
an interpretation that the configuration of a chain 
of respiratory reactions depends on the relations 
of the Eo’s of the various reversible oxido-reduction 
systems present in the cell. 

The last conclusion is often put forward by 
adherents of the reconstruction school, although 
its limitations when applied to cellular conditions 
are also pointed out. However, a further examina- 
tion of the data reveals that such reconstructed 
systems are more than merely limited in their 
application to the living cell. The in-vitro data 
themselves show that the most important factor 
controlling the ordering of the respiratory systems 
is the protoplasmic structure which is always 
destroyed in the course of such experiments. 

It is clear that the oxidation-reduction po- 
tential indicates merely a tendency to react in a 
particular way. But actual reaction between 
processes (1) and (2), for example, does not follow 
from a relation of tendencies. In order that the 
electron transfer really occur, it is necessary that 
a molecule of D-H 2 collide with a molecule of C. 
That is, the ordering of the series l-+2->3, depends 
on actual material contact between the reacting 
substances. The Eo value of each oxidation-re- 
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duction equilibrium indicates which reactions are 
thermodynamicaUy possible^ but only those will 
occur which are also made possible by molecular 
collisions. 

This requirement at once introduces, in a sense, 
the importance of structural relations. Even in a 
homogeneous system, say where substances A and 
B are dissolved in an inert solvent and A4-B-»C, 
there is an element of “structure”. This system is 
homogeneous if molecules of A and B are free to 
move about the medium in all directions. How- 
ever, the occurrence of the chemical change (— ^C) 
depends on the momentary loss of this directional 
freedom by a molecule of A and of B, that is, the 
reaction occurs only on collision. At the instant 
of collision, molecules A and B have a fixed spatial 
relation relative to each other and this relation 
results in the change to C or in their separation. 
The homogeneity of this system resides in the fact 
that the reacting molecules have three degrees of 
translational freedom, and that their rate of col- 
lision is therefore determined by a probability 
function which is directly proportional to the 
product of their concentrations. Yet the chemical 
process itself depends on a spatial or “structural” 
orientation of A and B, however transitory this 
moment of collision may be. 

THE STRUCTURAL IMPLICATIONS OF HETEROGENEITY 

In the case of reactions which occur in hetero- 
geneous systems, such as obtain in the living cell 
(or in fact in cell extracts as well), the structural 
orientation, which in the homogeneous system is so 
transitory, becomes of the first importance. 

To return to the generalized diagram of the 
respiratory process, it must now be pointed out 
that each step is mediated by a protein enzyme or 
by a carrier which is linked to a protein. Thus the 
process: D-H 2 +C—^D-fC-H 2 depends on the acti- 
vation of the H atoms of the metabolite (D-H 2 ) by 
a dehydrogenase enzyme. Similarly the reaction 
C-H 2 +i 02 --*C-l-H 20 depends on the activation of 
the molecular oxygen by the oxidase enzyme. 

In fact every reaction that makes up the chain of 
respiratory processes involves one or more enzymes, 
and these reactions cannot proceed at any appreci- 
able rate in-vilro in the.absence of the enzymes. It 
is hardly necessary to point out how important this 
enzyme mediation is, except to recall that by this 
means are produced rapid chemical changes which 
would otherwise require extremely drastic condi- 
tions of temperature, pressure, and pH. 


Every known respiratory enzyme (and every 
other enzyme) including those which have been suc- 
cessfully extracted and purified is at least in part 
protein. Usually there is associated with the 
protein a so-called prosthetic group which may be 
an organic compound containing a heavy metal 
(usually Fe or Cu) or a reversibly oxidizable dye. 
Many of the prosthetic groups and certain of the 
protein bases have been isolated and crystallized. 
Some of the prosthetic-group-protein compounds 
appear to be rather loosely bound, but in every 
case a specific protein is essential to the enzyme 
activity. 

Solutions of such proteins have often been 
termed “micro-heterogeneous systems”. This de- 
scription is quite apt, in that the protein molecules 
while dispersed in the solution arc so large, as com- 
pared to the substrate molecules, that they behave 
as though in a solid state. Here the spatial rela- 
tions of the enzyme and substrate become of prime 
importance. 

It is generally accepted that enzyme catalysis 
involves the formation of a substrate-enzyme 
complex. Since the enzyme particle is much 
larger than the substrate molecule (except in the 
case of extracellular proteolytic enzymes which 
act on entire protein molecules), this union occurs 
as a binding of the substrate molecules on the sur- 
face of the enzyme. Haldane (7) has calculated 
that an enzyme of molecular weight 60,000 and 
density 1.1 would have a surface of 9856 square 
Angstroms and could probably hold about 150 
hexose molecules. In order to undergo chemical 
change the substrate must be bound on the enzyme 
surface, but not all of the surface is catalytically 
active. Rather, in many cases, it has been found 
that the activity is restricted to a limited number 
of surface points. Thus, if saccharase or lipase is 
adsorbed on an inert substance such as alumina, 
the enzymatic activity is retained. On the other 
hand, if lipase is adsorbed on a fat, it loses its en- 
zymatic activity. Thus, it appears that the active 
centers of the enzyme take part in the binding of its 
specific substrate. 

Similarly, Quastel (8) has shown that the various 
metabolites which can be oxidized by bacteria are 
activated by specific dehydrogenases which are 
characterized by sjjecific “active spots”. In 
general it has been found that dehydrogenases ex- 
hibit a high degree of substrate specificity which ap- 
pears to be dependent upon the presence of specific 
side-chains on the substrate molecule. In some 
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cases, enzymes exhibit a stereochemical specificity, 
as for example the d- and 1-deaminases (Krebs 
(9)). 

It becomes clear, therefore, that enzyme catal- 
ysis, even in vitro, depends on the spatial orienta- 
tion of the enzyme and its substrate. Not only is 
it required that the substrate be bound at a specific 
spot on the enzyme surface, but its link to the 
enzyme also depends on the presence (on the sub- 
strate molecule) of a particular side-chain. 

Here, then, the structural factor becomes 
strongly emphasized. In a homogeneous system 
the reacting particles have complete freedom of 
motion, except at the instant of collision. In a 
micro-heterogeneous enzyme system, the substrate 
molecules are still free to move about in solution. 
However, the enzyme is now in effect a two di- 
mensional surface upon which the substrate 
molecules must become structurally oriented before 
undergoing any change. In such a system the 
substrate constitutes one reactant, and the active- 
spots of the enzyme the other reactant. Since the 
latter are fixed points on the surface of the enzyme 
particle, they cannot exhibit the statistical kinetic 
behavior characteristic of the free reactants in a 
homogeneous system. 

This increase in structural rigidity is reflected in 
the kinetic properties of heterogeneous enzyme 
systems. In homogeneous systems the rate of re- 
action is proportional to the frequency of effective 
collision and is therefore proportional to the 
product of the concentrations of the reactants. 
However, in enzyme systems, while the rate of 
reaction is stiff proportional to the number of 
collisions, that is, to the number of substrate 
molecules combined with the active spots of the 
enzyme, the latter value is not always dependent 
upon the concentration of substrate in the medium. 
As the substrate concentration is increased from 
zero, the number of active spots combined with 
substrate will increase, but this will become limited 
by the rate of release of substrate molecules in the 
activated state. Finally, as the rate of collision of 
active spots with unactivated substrate molecules 
increases with the substrate concentration, a point 
will be reached where this rate is equal to the speed 
of release of the active spots. The rate of sub- 
strate activation is now at a maximum, and any 
further increase in substrate concentration will 
have no effect on the rate of activation. In this 
way, the rate of enzyme activity may become 
independent of the concentration of one of the re- 


actants involved. The structural properties of 
the enzyme thus result in the characteristic relative 
independence of cellular activity from the outside 
environment. This phenomenon is characteristic 
of all enzyme processes, and led Michealis and 
Menten to the development of the theory of the 
enzyme-substrate complex. 

The intrinsic properties of substances that par- 
ticipate in heterogeneous reactions are also in- 
fluenced by the structural orientations to which 
they are subject. Thus, Kuhn and Boulanger 
(6) find that the Eo of riboflavin phosphate (the 
prosthetic group of the yellow respiratory enzyme) 
is considerably more negative in value than the 
Eo of the riboflavin-protein complex. Similarly 
Korr (11) has demonstrated the shift in Eo value 
which occurs when various oxidation reduction 
systems are bound on surfaces. It must certainly 
be concluded that the thermod 3 mamic properties 
of oxidation-reduction reactions become consider- 
ably altered when they function within the cell. 
This places a further limitation on the validity of 
sequential respiratory systems w'hich are recon- 
structed from Eo data obtained from various pro- 
tein-free oxido-reduction reactions. 

On the other hand, if we recognize the signif- 
icance of the structural properties of the re- 
spirator>^ enzymes, it is possible to find a much 
stronger basis for the serial ordering of oxido- 
reductions in the living cell. 

Thus far we have been considering only the 
relation between an enzyme and a single substrate. 
However, the sequential nature of respiratory en- 
z>me systems makes it necessary' for the constit- 
uent enzymes really to mediate two substrates. 
This is clearly illustrated in the case of the War- 
burg-Keilin respiratory system w’hich is responsible 
for most of the oxidative activity of aerobic cells 
(for the sake of simplicity various intermediate 
carriers are omitted) : 

Metabolite ► Cytochromes < Oxygen 

dehydrogenase cytochrome oxidase 

The metabolite is activated by its specific dehy- 
drogenase and is oxidized by reducing the cyto- 
chrome (usually by way of the intermediate H 
transfer via a coenzyme). The reduced cyto- 
chrome is reoxidized by molecular oxygen through 
the mediation of the cytochrome oxidase. The 
oxygen molecules are bound by the oxidase but at 
the same time, as Stotz, Altschull and Hogness (12) 
have recently shown, the cytochrome must also be 
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combined with the oxidase. Thus, the mediation 
of the reaction between reduced cytochrome and 
molecular oxygen requires the simultaneous com- 
bination of hoik substances with the oxidase. 

A similar relationship is apparent in the yellow 
enzyme respiratory system: 

dehydrogenase 

Metabolite > Coenzyme ^ ^ 

(DHa) (Co) 

Flavoprotein < Oxygen 

(FP) 

or: 

DHi 4- Co D + C 0 H 2 
CoH, 4 FP Co -h FPH, 

FPH, + iO, FP 4 H,0 

Here the oxido-reduction reaction between the 
metabolite and the coenzyme (a reversible oxidiz- 
able p)n*idine nucleotide) is mediated by the dehy- 
drogenase. This enzyme is, of course, a protein 
and in order to activate the metabolite must first 
bind it on its surface. In addition, as Warburg 
(13) has pointed out, the coenzyme must be simul- 
taneously bound by the dehydrogenase protein. 
Here too, therefore, the transfer of hydrogen occurs 
only when both reactants are oriented on the sur- 
face of the enzyme protein. 

The behavior of the flavoprotein is similar. 
This is an enzyme consisting of an alloxazine- 
adenine-dinucleotide prosthetic group and a spe- 
cific protein “base”. The prosthetic group is re- 
versibly oxidizable, and its reaction with molecular 
oxygen depends on the binding of both substances 
by the protein moiety. Usually the enzyme is 
thought of as consisting of both the protein and 
prosthetic group, and only such substances as the 
metabolite or oxygen given the status of “sub- 
strate.” Actually, however, both the prosthetic 
group and oxygen act as substrates of the flavo- 
protein, while both the coenzyme and metabolite 
are joint substrates of the dehydrogenase. 

It is dear that the ordering of the individual 
oxido-reductions which make up the cellular 
respiratory systems is accomplished through the 
spatial orientation of the various reactants by the 
appropriate enzymes, Thus, the fact that the 
metabolite is oxidized by the coenz 3 ane, rather than 
reacting with some other substance, is due to the 
joint binding of metabolite and coenzyme by the 
dehydrogenase. In a similar way the reaction 
between oxygen and reduced flavin is determined 


by the combination of both substances by the 
same protein. When we further recall that all 
such combinations must occur at specific points on 
the protein, it is obvious that the paths of these re- 
actions are determined by the structural properties 
of the enzyme proteins. 

Such in vitro systems still retain a certain degree 
of chemical freedom. The path of the reactions is 
clearly due to the enforcement by the proteins of a 
fixed orientation of the various reactants. At 
only one point in the system is this structural 
rigidity lacking. This appears in the yellow en- 
zyme system, for example, in the hydrogen trans- 
fer by diffusion of the coenzyme between the dehy- 
drogenase and the flavoprotein. This diffusibility, 
which certainly occurs in such in-vitro systems, 
could permit of certain alterations in the path of 
reaction — such as reaction of the coenzyme with 
some other diffusible carrier. However, the main 
sequential features are determined by the struc- 
tural properties of the enzymes, and we shall see 
below that even the small degree of freedom that 
does occur in-vitro is greatly restricted in the cell. 

STRUCTURE WITHIN THE LIVING CELL 

The foregoing discussion has been restricted to 
the structural properties of respiratory enzyme 
systems in-vitro. All of the structural restrictions 
which app)ear in-vitro also hold within the cell, but 
the normal integrity of the protoplasm must 
clearly introduce new restrictions which are pe- 
culiar to it. 

The basis of the relationship between the re- 
spiratory activity of the intact cell and the struc- 
tural properties of the cell protoplasm is, therefore, 
a problem of the first magnitude. It is, however, 
unfortunately true that the available data are as 
yet very inadequate, and any attempt to elucidate 
the problem must perforce be distinctly tentative. 

Three lines of approach suggest themselves: 
(1) an examination of the chemical behavior of in- 
tact cells in order to reveal the nature of the se- 
quential rigidity of the respiratory systems; (2) 
a study of the effect of natural and induced intra- 
cellular structural changes on the characteristics of 
the respiratory systems; (3) direct observation of 
the actual molecular architecture of the cell and the 
description of its relation to changes in enzyme 
activity. All three approaches are equally im- 
portant to the solution of the problems of intra- 
cellular organization and it may be worth while to 
examine each of them in greater detail, again using 
respiration as a general example of enzyme activity. 
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Structural orientation as expressed in the respiratory 
activities of intact cells 

We have already seen that the chemical proper- 
ties of the systems discussed above are closely de- 
pendent upon the structural orientation of the 
reactants. Now, if the organizational character- 
istics of living protoplasm impose new structural 
restrictions on the chemical processes which it 
carries out, then some Evidence of this should be ap- 
parent in the chemical data obtained from intact 
cells. 

That this evidence exists can be seen at once 
from the fact that the cell’s respiratory activity is 
not carried out by a single system. If all the 
various oxido-reduction reactions which may take 
place in the cell were in direct molecular com- 
munication one with another, we would then expect 
the transfer of hydrogen between oxygen and the 
metabolite, to travel a continuous and uninter- 
rupted path from one reaction to the other. The 
Eo values of the various reactions should indicate 
which linkages are possible, and if this freedom of 
contact existed, there would automatically be con- 
stituted an unbroken chain of H transport, each 
reaction assuming the place (in the series) dic- 
tated by its Eo value. 

In such a (hypothetical) system, the rates of the 
separate reactions would determine the relative 
activity of the various branches and shunts in the 
chain, but the whole sequence would be in a con- 
tinuous kinetic equilibrium. This indicates a 
second consequence of such homogeneity: the 
blocking of one link in the chain (eg. by a poison) 
should result in the shunting of H transport to 
other branches of the series, and the reestablish- 
ment of equilibrium within the chain. Thus the 
blocking of Oj consumption by one part of the 
system would be expected to result in greater 
respiratory activity of other parts. 

This hypothesis does not meet the test of the 
in-vivo data. The data show that cell respiration 
is not carried out by a single continuous system. 
Rather, as we shaU see below, the oxido-reduction 
reactions in the cell have a very restricted course 
of activity. The various reactions are not in 
equilibrium with each other, but operate in a 
strikingly discontinuous manner. The respiratory 
sequence is not determined by the possibility of 
reaction but by the structural orientation which 
forces or prevents specific molecular collisions. 

An example of this t 5 q)e of evidence is offered by 
the data on the cyanide-sensitivity of cell respira- 


tion (see Commoner (14)). Cyanide, even in 
maximal concentration, will inhibit only a part 
of the respiratory activity of most cells. Since 
cyanide has been shown to be a specific poison for 
the cytochrome oxidase, this at once indicates that 
part of the oxygen consumption is not mediated via 
this enzyme. Further, it can be shown that the 
cyanide-stable respiration (which is probably due 
to the activity of a flavo-protein capable of reac- 
tion with molecular oxygen) accounts for a small 
but constant amount of oxygen consumption, while 
the oxygen utilized via the cyanide-sensitive sys- 
tem is much larger and more variable in magnitude. 
Changes in respiratory rate which occur during 
various cytological events such as fertilization of 
eggs and germination of spores, are accountable by 
variation in the rate of activity of the cyanide- 
sensitive system alone. The cyanide-sensitive 
system appears to use carbohydrates and similar 
substances, while the insensitive system tends to 
oxidize proteins and fats. Thus, if glucose is 
added to a suspension of ChloreUa ceUs for ex- 
ample, the rate of oxygen consumption rises 
sharply, but the amount of cyanide-stable respira- 
tion remains constant. If there were a kinetic 
link between the two systems we would expect 
the blocking of the cytochrome oxidase by cyanide 
to result in an increased activity of the insensitive 
system. In addition it would be expected that 
the increased respiration due to the addition of 
substrate would be shared by the two systems. 
Neither of these effects occur, and it must be con- 
cluded that such a kinetic link is lacking. The 
two systems appear to be distinctly separate 
mechanisms of oxygen consumption, and it is clear 
that the constituent oxido-reduction reactions must 
be rigidly ordered and not subject to free inter- 
action. That this rigidity is a function of the 
intracellular structure is borne out by the fact that 
the separation between the two systems disappears 
when the cellular integrity is disrupted. Thus, 
Ogston and Green (15, 16) find that the oxidation of 
hexose phosphate by intact yeast cells is cyanide- 
sensitive, but its oxidation by a system ‘‘recon- 
structed” from extracts of the same cell is cyanide- 
stable. 

Further evidence of this sort can be found in ex- 
amining the relationship between respiration and 
various other cellular functions. Thus, it is found 
that most changes in respiratory rate during em- 
bryogeny occur solely within the cyanide-sensitive 
system. The variation in respiration between 
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different species of bacteria and different organs of 
animals and plants is due to differences in cyanide- 
sensitive respiration alone. The increased oxygen 
consumption of muscle and of various glandular 
tissues incident to their activation, is entirely 
cyanide-sensitive. Hence, the respiratory de- 
pendence of these functions is restricted to a par- 
ticular part of the total respiratory apparatus of 
the cell, and again a kinetic equilibrium between 
the various parts is precluded. 

A similar relationship obtains between growth 
and respiration in plants. Commoner and Thi- 
mann (17) have shown that in the Avena coleoptile, 
the effectiveness of auxin as a growth hormone is 
related to its activation of a specific and small part 
of the total respiratory system (the four-carbon 
dicarboxylic acids). The respiratory activity of 
the four-carbon acids (which are H carriers) is 
necessary for all of growth, but is responsible for 
but a small part of the total respiration; and when 
it is blocked, growth ceases entirely while the rate 
of respiration falls but 10 per cent. Again, there is 
a specific orientation of the component parts of 
the respiratory system. 

Similarly, the data of Fisher (18) and Clowes and 
Krahl (19) suggest that reproduction of yeast cells 
is connected with a discrete portion of the cell's 
respiratory system. 

These cases point to the existence of a rigid 
specificity between the energy producing respira- 
tory processes and the various endothermic func- 
tions which utilize the energy thus produced. The 
energy produced by cellular oxidation cannot be 
thought of in terms of a pooled fund which is 
merely apportioned to various endothermic proc- 
esses according to need. Rather, the union be- 
tween the two types of process seems to be due to a 
specific orientation between the two reactions 
concerned. 

The relations of the separate reactions within a 
given respiratory chain seem to follow the same 
pattern of discontinuity. This has been pointed 
out for the case of the Warburg-Keilin system by 
Commoner (14). The activity of the Warburg- 
Keilin system depends on two external factors: 
the concentrations of molecular oxygen and of the 
metabolite substrate. The metabolite is activated 
by its specific dehydrogenase and the rate of dehy- 
drogenation will vary with the metabolite concen- 
tration according to the usual hyperbolic function. 
The same is true of the relationship between 
pQj and oxidase activity, but in this case the 


enzyme activity may also be reduced by using 
greater or lesser amounts of cyanide. Thus, by 
measuring the rate of respiration of bakers' yeast 
in various concentrations of dextrose and cyanide 
it was possible to study the relation between the 
rate of oxygen consumption and the activity of the 
oxidase and the dehydrogenase. 

If these enzymes were in a kinetic equilibrium we 
would expect the respiratory rate to be some 
function of the product of the two rates of activity. 
This, however, does not occur. In low sugar con- 
centrations when the dehydrogenase is relatively 
inactive, the rate of respiration is not affected by 
cyanide concentrations which reduce the oxygen 
consumption of sugar-saturated cells. That is, 
when the dehydrogenase activity is low, part of the 
oxidase activity can be negated without affecting 
the rate of respiration. The inverse relation also 
holds, for when the oxidase activity is low (in the 
presence of cyanide), then the rate of respiration is 
not affected by the addition of dextrose in amounts 
which would increase the oxygen consumption of 
unpoisoned cells considerably. This type of 
kinetic discontinuity has been observed in a 
number of similar cases (see Commoner (14)). 

In the data cited above, we can see a clear re- 
flection of the heterogeneity inherent in the en- 
zymatic catalysis of chemical activities. In the 
cell itself, the separate reactions that constitute 
the enormously complicated network of metabolic 
systems, are rigidly linked in a spKicific order. The 
transport of hydrogen is mediated by well-defined 
and distinctly separate paths, each of which seems 
to act in a more or less autonomic fashion. The 
thermodynamic characteristics of the separate 
reactions are but permissive properties; the actual 
exercise of these potentialities is very limited since 
the ordering of the respiratory sequence seems to 
permit few alternative paths of hydrogen transport. 

It can be seen that homogeneous kinetic links 
are almost non-existent in the cellular metabolic 
apparatus. The separate enzymes, besides having 
their own internal structural properties, must be 
held in a fixed orientation relative to each other. 
There seems to be little or no evidence of homo- 
geneous, “dilute solution" kinetics in the cellular 
respiratory systems. It must be concluded that 
the cellular protoplasm is characterized by an inter- 
enzyme structure which plays the predominant 
rdle in determining the course of chemical events in 
the cell. 
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The effects of changes in intracellular structure on 
respiratory activity 

It is obvious that the mechanical destruction of a 
cell has a serious effect on its biochemical properties 
if only because of the fact that disintegration in- 
evitably follows. The effect on respiratory ac- 
tivity is especiaUy marked. Even such a relatively 
slight mechanical disorientation as mincing has a 
drastic influence on the respiratory metabolism of 
most tissues. Intact tissues will deaminate 1- 
amino acids, but minced tissues will not do so 
(Krebs(9)). Mincing destroys the capacity of 
liver tissues to metabolize fatty acids. The 
mincing of muscle results in a 4- to 6-fold increase 
in the rate of respiration and a shift of the respira- 
tory quotient from 0.8 to 1.0. That is, mincing 
brings into play a rapid oxidation of the carbohy- 
drate contained in the muscle (Schorr and Barker 

(21) ). Kostychev has shown that the abrasion of 
plant tissues increases the rate of respiration and 
proteolysis. Even the mere bending of a leaf will 
induce a sharp rise in the rate of respiration (Audas 

(22) ). The literature contains many examples of 
this kind. 

Cytolysis has a similar effect on respiration. 
The classical work of Warburg (2) although per- 
haps now overshadowed by his more recent re- 
searches is clearly illustrative of this fact. When 
erythrocytes were cytolyzed the rate of respiration 
fell off shari^ly. If the cell masses were then 
centrifuged, the supernatant “structureless'^ (i.e. 
liquid) fraction had almost no oxygen consumption 
while the heavier “structural" precipitate con- 
tained all of the respiratory activity of the cy- 
tolysate. However, if the latter material was 
ground up with sand, all of the respiration van- 
ished. Cytolysis of sea-urchin eggs gave similar 
results, the further significance of which will be 
discussed below'. 

That such quantitative effects of cytolysis are 
based on qualitative disorientation of the respira- 
tory system is apparent in certain more recent 
researches. Penrose and Quastel (23) found that 
lysis of Micrococcus lysodeikticus results in a 90 
per cent reduction in respiration rate. However, 
while the activity of the dehydrogenases was 
largely destroyed, the activity of the cytochrome 
oxidase, catalase and fumarase increased slightly. 
In some cases, cytolysis increases the rate of res- 
piration, as in amphibian embryos (Brachet (24)), 
or in the well-known effect of wounding in plant 
tissues. Specific activities which are related to cell 


respiration, such as bacterial luminescence de- 
pend on the integrity of the cellular structure 
(Korr (4)). 

It is not surprising therefore, that the character- 
istics of extracted respiratory systems are often far 
from similar to those of the system in-vivo. Thus, 
the systematic researches of Ogston and Green 
(15, 16) on the properties of “reconstructed" 
enzyme systems reveal that the yellow enzyme 
system will carry out many oxidations in-vitro 
which it does not mediate in the living cell. 

Changes in intracellular structure that occur 
during the normal life of a cell are also accompanied 
by such changes in respiratory activity. A case in 
point is the fertilization of eggs. Almost at the 
instant at which the sperm penetrates the egg mem- 
brane (in the marine eggs at least) a violent churn- 
ing and streaming begins to agitate the proto- 
plasm, new membranes are elevated from the egg’s 
surface, and embryonic development begins. Such 
changes must obviously have some effect on the 
intracellular structure and it is not surprising to 
find that they are accompanied by sharp changes in 
respirator)' activity. It was first observed by 
Warburg (25) that fertilization of sea-urchin eggs 
causes a sudden rise in the rate of respiration. 
Later investigations by other workers showed that 
the increase was of the order of 5-7 times, and that 
it occurred within one minute after fertilization. 

Most marine eggs exhibit some change in res- 
piratory rate at fertilization. .A summary' of these 
effects by Whitaker (26) show s that the direction of 
the change of rate depends on the rate of the un- 
fertilized egg. If the respiration of the unfertilized 
egg is low', then it rises upon fertilization (as in 
Arhacia)^ but if the absolute rate is at first high, it 
faUs w'hen the egg is fertilized (as in Chaetopterus), 
The absolute rates of various fertilized eggs tend to 
be ver>' similar in value, fertilization seeming to 
bring the rate to this general level regardless of its 
value in the unfertilized egg. It would appear 
from this that the effect of the activity within the 
cell at fertilization is to release the unfertilized egg 
from its stable state by reorienting the enzyme 
relations in the respiratory system. 

That this effect also entails a qualitative change 
in respiratory activity is shown by the work of 
Runnstrom (27) and Korr (28) on Arbacia eggs. 
Both demonstrate that the increase in respiratory 
rate at fertilization is due to the sudden activation 
of the Warburg-Keilin system. Recently, Bal- 
lentine (29) has shown that this activation is ac- 
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complished by an increase in the activity of the 
dehydrogenases. He has also found that, in the 
case of Chaetopterus, when the rate falls upon fer- 
tilization there is a corresponding decrease in de- 
hydrogenase activity. 

Later stages in embryogeny show similar res- 
piratory phenomena. Thus, during the diapause 
in development of Orthoptera, when all develop- 
mental activity temporarily halts, the respiration 
falls to a low value and is completely accountable 
by a system which is not affected by cyanide. 
During the active stages in development, however 
the rate is much higher, and this increase in res- 
piration is due solely to the increased activity of 
the Warburg-Keilin system. (Bodine and Boell 
(30)). 

Goddard and Smith (31) have shown that the 
activation and germination of dormant spores of 
N eurospora is accompanied by a forty-fold increase 
in the rate of respiration. This increase is due to 
the suddent activation of the Warburg-Keilin 
system. Similarly the excystment of Colpoda 
from resting cysts, which involves violent intra- 
cellular activity and the complete differentiation of 
the trophic form within one hour after activation, 
is accompanied by a sharp rise in the rate of 
respiration (Commoner (32)). 

There is little doubt that the stuctural alteration 
of the protoplasm produces profound changes in 
the orientation of the oxidative processes which it 
mediates. The data cited above but reinforce the 
conclusion reached on the basis of the sequential 
properties of the metabolic processes (section 1): 
The enzymes in the living cell are inter-related in 
such a manner as to constitute a relatively rigid 
structure which limits and orients the chemical 
activities which they carry out. 

The next problem which must be faced is the 
basis of this structural organization. 

The molecular basis of itUraceUular structure 

So far, our discussion of intracellular structure 
has been based on relatively circumstantial evi- 
dence. This approach is a necessary and im- 
portant one, but at the same time must be ac- 
companied by a direct attack on the actual 
molecular arrangements in the cell and their rela- 
tion to the chemical rigidity which characterizes 
respiration in the cell. Very little evidence of this 
kind is on hand as yet, and the present examination 
of the problem must perforce be but tentative and 
suggestive. 


The problem of the ph 3 rsical nature of proto- 
plasm has been the subject of extensive research. 
The older workers, emphasizing the fluidity of 
protoplasm, have looked upon it as an emulsion of 
two liquid phases, the one aqueous and the other 
fatty, with various constituent substances dis- 
solved in each phase. Thus, according to Bayliss 
(33) ^‘protoplasm behaves as a liquid’*. On the 
other hand, the regulated complexity of the 
chemical behavior of living protoplasm gave rise to 
a hypothesis of a more rigid cellular structure. 
This is exemplified in Hofmeister’s concept of the 
cell as a complex of separate “chemical laborator- 
ies**. In addition the apparent spontaneity and 
physical autonomy of protoplasmic processes led 
other workers, such as Pfliiger and Verwom to 
postulate a special kind of living molecule, the 
biogen, which either constituted the entire cell or 
served as the “living spark** that activated the 
“inert** parts of the cell. 

Subsequent advance in analytical biochemistry 
has tended to repudiate this type of concept. 
Protoplasm was found to contain a huge melange 
of proteins, carbohydrates, fats, and numerous 
other kinds of organic and inorganic substances. 
It seemed absurd to place the burden of proto- 
plasmic “vitality” upon any one of these many 
constituents. 

With the new knowledge that all cellular chem- 
ical activities are mediated by enzymes, that all 
enzymes contain protein moieties, and that the 
enzymes are structurally inter-related, it is possible, 
indeed necessary, to re-assess the significance of the 
protoplasmic constituents. If it is correct to con- 
clude that the organization of metabolic processes 
and the maintenance of the complicated chemical 
systems that characterize living protoplasm is ac- 
complished through enzyme inter-relations, then 
we must look upon the cell’s protein constituents 
in a new light. It would appear that in the pro- 
teins can be found the basis of the orientation of 
metabolic activities, and that the other constit- 
uents, however important, must be considered in 
terms of their relation to the enzymes of the cell. 
This conclusion is amplified if we further note, that 
of all cell constituents thete is none which possesses 
the enormous structural potentialities of the long 
carbon chains and interacting side-chains of the 
protein molecule. This organizational r61e of the 
cell protein is borne out by a number of direct 
experiments. 

The early work of Batelli and Stem (3) gave rise 
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to the concept of two kinds of cell respiration: 
the ‘‘main respiration”, which was associated with 
the intact structure of the cell, and the “accessory 
respiration” which was a property of the fluid 
constituents. Warburg (34) found that the 
granules sedimented (by centrifuging) from ground 
liver suspension contained 20 per cent of the tissue 
respiration, while the supernatant fluid contained 
but 4 per cent. Banga (35) working with pigeon 
breast muscle suspensions, found that the centri- 
fuged sediment consisted of small granules which 
contained cytochrome, cytochrome oxidase, suc- 
cinic, malic, and citric dehydrogenases. How- 
ever, these granules showed very little oxygen con- 
sumption unless the supernatant (which itself had 
almost no oxygen uptake) was also present. The 
suspension was therefore presumed to contain 
soluble coenzymes. More detailed work of this 
kind carried out by Greville (36) also indicated 
that both the sediment and supernatant arc re- 
quired for maximum respiration, and it was also 
shown that in no case did the oxygen consumption 
persist for longer than some 200 minutes. More 
recently Stem (37) has shown that the granules 
(obtained from heart muscle) are apparently 
spherical macromolecules of a molecular weight of 
some hundreds of millions. The granules are 
mainly protein but also contain lij)oids, nucleic 
acid and hemin. Stem also finds the respiratoiy* 
activity to be of a very short duration. 

A similar material has been found by Rabat and 
Furth (38) and by Claude (39) in a wide variety of 
normal and malignant tissues. Rabat and Furth 
have shown that the filterable virus which induces 
chicken leukemia and sarcoma is associated with a 
protein particle of the same huge size. Furth and 
Rabat (40) have also found that the Forssman 
antigen which occurs in a great variety of species is 
also associated with this protein fraction in tissue 
extracts. It is interesting to note that this large 
protein body often contains as much as 20 per cent 
of the total N content of cell extracts. 

It seems clear that we are here dealing with a 
very common prc»tein particle which contains a 
number of enzymes and other active proteins and 
may carry out, for a short time, oxidative activities 
in the presence of soluble cell extracts or the proper 
coenzymes. Stern (41) suggests that this particle 
contains all the “fixed” enzymes of cell respiration 
and states: “We consider our particles as ‘sub- 
cellular’ functional units and we believe that the 
active groups of the various component catalysts 


are arranged in or on them in an orderly fashion so 
as to ensure a smooth functioning of the highly 
complex process of cell respiration.” It is also 
suggested that the respiratory chain is constructed 
from the enzymes fixed in this particle and the 
diffusible carriers which link them. (See also 
Euler and Adler (42), and Dewan and Green (43).) 

Do such particles reaUy exist as indej>endent 
“functional units” within the cell? In the fijrst 
place it seems clear that these granules, even to- 
gether with the accessory^ diffusible coenzymes, do 
not constitute the entire integrated system of cell 
respiration, since in no case do such in-vitro systems 
consume oxygen for a period longer than two or 
three hours. Furthermore, from the evidence 
cited in the previous sections we must conclude 
that the relationship between the enzymes “fixed” 
in the macromolecules, and the carriers which are 
“freely diffusible” is a rather rigid one. It hardly 
seems valid to postulate that either part of the 
respiratory mechanism exists as a structurally free 
unit within the cell. 

The structural rigidity of the position of these 
macromolecules within the cell is emphasized by 
the data obtained with the high speed ultra-centri- 
fuge. Particles of such a size should be sediment- 
able in the ultra centrifuge, but Beams and King 

(44) find that on the ultra centrifugation of Ascaris 
eggs “No evidence was found which indicates a 
separation of the ultra-microscopic cytoplasmic 
components had taken place”. Bodine and Boell 

(45) find that ultra-centrifugation docs not affect 
the rate of respiration of grasshopper eggs in the 
diapause condition. However, actively develop- 
ing eggs, which have a much higher normal respira- 
tion (which is cyanide-sensitive) suffer a forty per 
cent reduction in rate. It seems likely that the 
explanation of this effect and of a similar case in 
Arhacia (Shapiro (48)) is that the large amount of 
substrate required for the maintenance of high 
rates of respiration may be in part segregated from 
the proper enzymes. There does not seem to be 
any fundamental disorientation of the enzyme 
system in these cases. 

Although the data on this point are still very 
limited, it seems likely that the enzyme-bearing 
macromolecules, which can be sedimented in ex- 
tracts, maintain a fixed position when subject to 
the same gravitational forces within the cell. It 
would seem, then, that this protein, which contains 
an appreciable amount of the total N in the cell, 
pervades the entire protoplasm and cannot be 
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separated from the normal integral structure of the 
cell. Thus, the enzymes which are associated with 
this material must also be structurally oriented 
throughout the cell. Such a structure is remi- 
niscent of the “cytoskcle ton ’’suggested on theoreti- 
cal grounds by Peters (47) and Needham (48); 
its relation to cell respiration has been more re- 
cently discussed by Korr (6) . Such a structure ap- 
pears to be the organizing medium for the 
complicated chemistry of cellular metabolism. 

It becomes apparent, then, that the enzymes 
within the cell are under structural restrictions 
even greater than those characteristic of serial 
enzyme processes in-vitro. Reference above will 
show that the sequential properties of the yellow 
enzyme system (for example) in-vitro are due 
to the internal structural properties of the two 
proteins which are involved, both being free to 
move about in the solution. This freedom, which 
makes possible the occurrence of oxidative reac- 
tions which this system does not mediate in the cell 
is lacking in protoplasm itself. 

In the living cell the enzymes seem to be linked 
together through their mutual association with 
the heavy protein constituents that pervade the 
cell. Under these circumstances diffusible hy- 
drogen carriers, such as the coenzymes, appear to 
be captive within certain parts of the inter-enzyme 
structure and .so serve to further the chemical 
rigidification of the in-vivo respiratory systems. 
The protein structure within the cell is the or- 
ganizer of cellular metabolism. 

CONCLUSIONS 

We have here been concerned with the effect of 
the structural orientation of cellular oxidative 
enzymes upon the respiratory activity which they 
mediate. It seems clear that the ordering of the 
complex of respiratory processes is dependent on 
enzyme and inter-enzyme structure. 

The importance of this problem is obvious from 
the breadth of the effects which are included in its 
scope. The most serious factor limiting the 
further development of such studies is the need for 
new experimental approaches and techniques. 
Three methods of attack were mentioned in the 
preceding section and it is perhaps appropriate to 
conclude by suggesting certain new possibilities. 

Thus far we have been dealing, in the main, with 
enzyme systems as already constructed within the 
cell. In actuality, of course, the respiratory en- 
zyme systems are subject to many developmental 


changes. Some of these have been mentioned 
above as examples of enzymatic reorganizations 
which accompany structural activations such as 
fertilization and germination. However, it may 
also be suggested that such cases of enzyme 
development may offer opportunities for the study 
of the structural properties of the respiratory 
systems which ensue. This could be done, for 
example, by studying the effect of environmental 
conditions on the properties of the enzyme systems 
during the process of development. 

Enzyme activation and formation is a very 
widespread phenomenon and is affected by a 
number of environmental conditions. Thus Ash- 
ford and Dixon (49) show that the K/Ca balance 
controls the availability of the respiratory enzymes 
in brain tissue. Similarly Iljin (50) finds that the 
K, Na/Ca ratio regulates the activity of amylase in 
leaves. It is possible that this type of effect can 
be correlated with the known effects of salt balance 
on protein structure. 

What is perhaps a more important influence 
on enz 3 ^me structure is exerted by the substrates 
themselves. Enzymes can often be produced by 
introducing the specific substrates to the or- 
ganism’s environment. Such enzyme adaptation 
or “training” has been found particularly among 
the bacteria (see the recent review^ of Dubos (51)). 
If a bacterium which is normally incapable of 
oxidizing a particular substrate is cultured in a 
medium containing this substance, there is often 
produced, in the course of one or two transfers, 
the enzyme capable of acting on it. When the 
substrate is removed the new adaptive enzyme 
quickly disappears. Thus, the make-up of the 
respiratory system may be rapidly altered merely 
by the presence of a new metabolite. Such effects 
may permit us to study the conditions governing 
the development of enzyme systems and so to 
further elucidate their structural organization. 

There are, undoubtedly, many such avenues of 
attack on the relation between cellular metabolism 
and intracellular structure. There is a clear need 
for further attention along these lines. 

The continued development of our knowledge 
of cellular respiratory systems, which has in the 
past been so greatly advanced by analytical bio- 
chemistry, now appears to require more than the 
mere analysis of extracted enzymes. It requires 
more than the reconstruction of hypothetical 
systems from the analytical data. In fact, the 
very accumulation of such data has itself forced 
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upon us the conclusion that the most important 
factor determining the course of chemical events 
in the cell is the very structure which is destroyed 
in the process of extraction. The old type of 
analytical biochemistry has itself pointed the way 
to a new approach. 

It is perhaps useful to remind ourselves of 


Claude Bernardos characterization of theories: 
“they are only partial and provisional truths which 
are necessary to us, as steps upon which we rest, 
so as to go on with investigation; they embody 
only the present state of knowledge, and conse- 
quently they must change with the growth of 
science” (52). 
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S UPERNUMERARY breasts have been ob- 
served in the human with such frequency 
that little interest attaches at present to 
case reports of this condition, unless asso- 
ciated with unusual features. Deaver and 
McFarland collected 10,895 cases of supernumer- 
ary breasts from the literature in 19^17 and de 
Cholnoky (1939) has recently added several more. 
From this vast material much information of 
statistical interest has been gained, and together 
with embryological studies, has helped dispel 
many of the misconceptions and superstitions 
which have permeated the subject. Studies of the 
occurrence of accessory nipples and mammary 
glands in other mammals have also been of great 
value in obtaining a truer interpretation of the 
biological significance of these anomalies. The 
object of the present paper is to examine the vari- 
ous views which have been held on the many inter- 
esting problems connected with the subject, and 
to report some observations on the occurrence and 
biological properties of supernumerary nipples 
and mammary glands in the rhesus monkey. 

Interest in accessory mammae is manifested 
even in the art of the ancients, who occasionally 
endowed their goddesses with a number of breasts. 
The Phoenician goddess Astarte, for example, is 
said to have been frequently represented as having 
several mammary glands, and the statue of Diana 
of Ephesus, in the Vatican Museum in Rome, 
shows an extreme degree of polymastia, symbolic 
of fertility. 

The early references to the subject plainly reveal 
the complete ignorance which existed concerning 
the significance of supernumerary breasts. One 
finds them referred to as Teufelswerk, opus mirabUe 
naturae ludentiSf and une sorte de caprice ou de 
bizarrerie (Hug, 1908). It is even stated (McGilli- 
cuddy, 1891) that Anne Boleyn was put to death 
by Henry VIII because she had a third breast. 


ETIOLOGY 

Concerning the etiology and mode of formation 
of supernumerary breasts several theories have 
been advanced; yet none is entirely capable of 
explaining all cases of polymastia. 

1. Meckel von Hemsbach, in 1852, proposed the 
view that five was the original normal number of 
mammary anlages in the human; of these, one 
pair being situated in the pectoral region, one pair 
in the axillae, and the fifth in the midline at the 
base of the ensiform process. Ordinarily the 
superfluous glands underwent complete atrophy, 
but the occasional persistence of one or more of 
them he regarded as a satisfactory explanation for 
all the cases of ectopic mammae which came under 
his scrutiny. There was little if any evidence to 
support such a theory. It consequently attracted 
few adherents and soon fell into complete dis- 
regard. 

2. Ahlfeld (1880) advanced the theory that poly- 
mastia was due to a splitting of the mammary 
anlage during embryonic life, and several years 
later Hansemann (1889) and Sutton (1889) ex- 
pressed essentially the same idea. Ahlfeld also 
invoked the aid of the anmion in accounting for 
the location of the ectopic glands encountered. 
Their transplantation to various parts of the body 
surface was believed to have been brought about 
through the mechanical action of amniotic pressure 
and amniotic adhesions. Modem studies by 
Streeter, however, have demonstrated the inade- 
quacy of amniotic adhesions in explaining the oc- 
currence of various types of congenital abnor- 
malities and have redirected attention from the 
mechanical action of the membranes to imperfec" 
tions of the germ plasm. 

3. AxjUary swellings occur with relative fre- 
quency in puerperal women, and when associated 
with nipples or pores they often secrete a fluid 
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which is indistinguishable from milk. These 
tumors have generally been regarded as super- 
numerary mammary glands, but Champneys 
(1886), and later Seitz (1909), have regarded them 
as modified sweat glands which secrete milk under 
the appropriate hormonal stimulation of pregnancy 
and lactation. 

4. Perhaps the most widely accepted interpre- 
tation of polymastia is that which regards this 
condition as a manifestation of atavism or of 
reversion. In the human, as well as in all other 
primates higher than lemurs, only one pair of 
mammary glands normally occurs. The lemur, 
however, possesses in addition to the pectoral 
glands a pair of inguinal “anchoring nipples,’' 
for the attachment of the young. Most species of 
sub-primate mammals possess a greater number of 
mammary glands, and in the insec tivore Centetes 
eleven pairs are normally found. 

Charles Darwin, from his study of comparative 
anatomy, and without the benefit of modem 
embryologic knowledge, came to the conclusion 
that polymastia in the human was a manifestation 
of reversion. In 1868, discussing this condition, 
he wrote as follows: “Many monstrosities can 
hardly be considered as the result of an arrest in 
development; for parts of which no trace can be 
detected in the embryo, but which occur in other 
members of the same class of animals or plants 
occasionally appear, and these may probably with 
truth be attributed to reversion,” and in a later 
sentence he expresses himself as having been led 
“to the belief that in all cases the additional mam- 
mae in woman are due to reversion.” In his 
Descent of Man, however, published several years 
later (1871), he finds it difficult to explain the 
occasional occurrence of mammae erraticae on the 
back, thigh, or in the armpit, and admits that 
“the force of my argument is greatly weakened 
or perhaps quite destroyed.” 

A knowledge of the embryonic development of 
the mammary gland is indispensable to an under- 
standing of more recent interpretations of the 
significance of polymastia. In the human, as 
in all other mammalian forms that have been 
studied, the mammary apparatus is derived from a 
paired epithelial thickening which runs longi- 
tudinally along the ventral surface of the embryo 
from the anterior to the posterior limb bud, and 
which is known as the Milchleiste (Schultze, 
1892) or milk line. Hirschland (1898) has traced 
this structure even farther back and has found it 
to be derived in turn from another formation called 


the milk streak, which consists of a comparatively 
broad zone of the integument characterized by 
higher epithelium and by a condensation of the 
underlying mesenchyme. During the course of 
further development, localized elevations appear 
along the milk line, and the intervening portions 
disappear. Schultze (1892) has discussed the 
occurrence of the milk line in several mammalian 
species, and in addition to the “definitive Zitzen” 
which persist and represent the mammary anlages, 
he mentions the occurrence of “primitive Zitzen” 
which later disappear. Schmidt (1897) made 
essentially similar observations on human material 
and concurred with Schultze in the view that these 
structures represent supernumerary^ mammary 
anlages. Schultze therefore regarded polymastia 
as of ontogenetic as well as phylogenetic sig- 
nificance. Schmitt (1898) and Walter (1902), on 
the other hand, have questioned the interpreta- 
tion that all such epithelial thickenings represent 
accessory mammary anlages. Nonetheless the 
view as enunciated by Wiedersheim (1908) came 
to be the generally accepted one, namely, that a 
condition of hyperthelia normally exists in the 
human embryo, and that occasionally, in addition 
to the main mammary anlages, one or more of the 
supernumeraries also undergo further develop- 
ment, thereby resulting in postnatal hyperthelia or 
hypermast ia. 

Leichtenstem (1878) and Neugebauer (1886) 
had already expressed their belief that polymastia 
was a manifestation of atavism, and upon the 
basis of the detailed embryologic studies men- 
tioned, this view was soon subscribed to by Bonnet 
(1892), Kayser (1908), Bresslau (1909), and 
others. 

5. Accessory mammary glands or nipples oc- 
curring in the vicinity of the primitive milk lines 
are perhaps adequately explained by the latter 
theory. Axillary, thoracic, abdominal, inguinal, 
and possibly vulvar mammae fall into this cate- 
gory. However, the literature contains numerous 
case reports, apparently well authenticated, of 
mammae erraticae occurring in bizarre locations 
such as on the face, ear, neck, arm, thigh, and 
buttock. No satisfactory explanation has been 
advanced for the development of these ectopic 
breasts, and they are simply referred to as sports 
or freaks of nature. 

LOCATION, NUMBER, AND INCIDENCE 

Although supernumerary mammary glands and 
nipples have been observed in many atypical posi- 
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tions (see reviews by Deaver and McFarland, and 
by de Cholnoky), the vast majority occur along 
the milk line, from the axilla to the groin, and most 
of them have been observed in the thoracic region. 
They may be unilateral or bilateral and may occur 
above or below the normal manunae. Von Bar- 
deleben (1893) found among 8,568 young men with 
hyperthelia an incidence of thirty per cent of the 
supernumeraries occurring on the right side, thirty- 
nine per cent on the left side, and thirty-one per 
cent bilaterally. This is in general agreement with 
the findings of other authors (Leichtenstem, 1878; 
Bruce, 1879; Iwai, 1907a; Hathaway, 1909; and 
Landauer, 1939), who found a slight preponder- 
ance in favor of the left side. 

When the extra nipple is situated above the 
normal one it is usually lateral to it, whereas when 
below it is medial. In general, as pointed out by 
Geoffroy Saint-Hilaire (1832), if a supernumerary 
gland is situated latcraUy it is well formed, of 
considerable size, and can lactate; if medial, it is 
usually small, imperfectly developed, and in- 
capable of lactation. Most of the above authors 
have found the majority of the accessory mammae 
below the normally situated one, and Kajava ei aL 
(1921), in their extensive study of a huge Finnish 
population, found 98.7 per cent of all accessory 
glands below the normal breasts. Iwai (1907a), 
however, in his examination of 511 Japanese poly- 
mastics, found eighty-eight per cent of the super- 
numerary breasts above the normal ones, thereby 
emphasizing the importance of the racial factor. 
He also found the incidence among females to be 
three times as great as among males, in contrast 
to the statistics of Leichtenstem, Bruce, Kajava 
ei aL, and Landauer, which indicate a preponder- 
ance of supernumeraries among males. 

Single accessories occur with the greatest fre- 
quency, and the incidence decreases inversely to 
the number of mammae. Graham-Campbell 
(1936) has reported the case of a patient with eight 
and possibly nine supernumerar>^ nipples, and 
Neugebauer (1886) and Hirst (1912) described 
patients with eight and seven supernumerary 
breasts respectively, each of which secreted milk 
after childbirth. 

Great variations exist among the statistical 
reports concerning the incidence of supernumerary 
nipples and mammary glands. Kajava et al, 
have reviewed the literature on the subject and 
have tabulated the incidences quoted by various 
authors, ranging from 0.05 per cent (Schwalbe) 
to 23.3 per cent (von Bardeleben). They them- 


selves quote an incidence of 2.8 per cent for the 
Fiimish population, as compared with an incidence 
of 3.75, quoted by Iwai for the Japanese. More 
recent estimates indicate that the true incidence 
is probably closer to one per cent. Tiffany (1906) 
has stated that the condition is more common 
among Negroes, and Stannus (1914) found four- 
teen cases among several native African tribes in 
Nyasaland. Although racial factors undoubtedly 
play an important role in explaining the apparent 
discrepancies, probably more importance should 
be attached to the different criteria used by the 
various observers in making the diagnosis of 
hyperthelia. 

STRUCTURE 

Kajava et al. (1921) classified supernumerary 
breasts into eight groups, depending upon the 
presence or absence of the nipple, areola, hairs, 
and mammary parenchyma. Twenty-six such 
breasts were subjected to histologic examination 
and were found to show all gradations from a 
structure barely suggestive of manunary tissue 
to that of a '^typicaP^ breast. Hoepfner (1899) 
had earlier examined nine male accessory nipples 
histologically and found a normal nipple structure, 
usually associated wnth only rudimentary mam- 
mary glandular tissue or sweat glands. 

HEREDITARY ASPECTS; RELATION TO FECUNDITY 
AND TWINNING 

It has long been realized that throughout the 
mammalian series the number of mammary glands 
characteristic of any species is, as a general rule, 
correlated with the average litter size of that 
species. This concept has been applied to the sub- 
ject of polymastia in the human. In addition to 
its manifestation by the endowment of the god- 
desses of fertility with supernumerary breasts, the 
belief has become firmly established in scientific 
writings that fertility and twinning are associated 
with the occurrence of polymastia. Leichtenstem 
(1873) found three cases of twins among seventy 
patients with accessory mammaries, and Iwai 
(1907b) reported eighteen cases of multiple birth 
among 101 married women who had supernumerary 
glands. Although the total number of preg- 
nancies is not stated, it is certain that the incidence 
of twinning in this group was larger than in the 
general population. The latter author also stated 
his belief that women with supernumerary mam- 
mary glands have a tendency to become pregnant 
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more frequently than others. Numerous case 
rqports tend further to emphasize the relation 
between polymastia and multiple births. Marie 
(1893), for example, reported six pairs of twins in 
two generations of polymastics, and P6trignani 
(1939) found six pairs of twins and a set of triplets 
in three generations of a family possessing this 
trait. 

An experimental basis for this association was 
apparently established by the breeding experi- 
ments of Bell (1923), who succeeded in developing a 
flock of sheep with four or more nipples, and in 
which the ewes continued to bear twins or triplets 
every year, with hardly any single pregnancies. 
Bell’s breeding data were later subjected to genetic 
analysis by Castle (1924) and by Ritzman (1933) 
and it was found that there was no necessary rela- 
tion between nipple number and twinning. Geof- 
frey Saint-Hilaire (1832) and Flechsig (1840) 
had long before expressed their disbelief in any re- 
lation between polymastia and multiple births or 
fecundity, and recent writers have been of the 
opinion that the formerly held views were based 
upon inadequate statistics. More careful collec- 
tion and evaluation of statistical data are needed 
before the problem can be considered settled. 

The hereditary nature of supernumerary nipples 
and mammary glands has been subject to less con- 
troversy, for the familial occurrence of these 
anomalies has been generally recognized. Wood- 
man (1868) reported a case of mother and daughter 
with third nipples in the same relative positions. 
Hand 3 rside (1873) described bilateral supernu- 
meraries in brothers, and the present writer has 
foimd the same condition in father and son. 
Polymastia has also been reported in identical 
twins (Weitz, 1925; Birkenfeld, 1932). Cases il- 
lustrating the familial nature of supernumerary 
mammae have been observed with such frequency 
in recent years that the majority are of insufficient 
interest to warrent publication. Especially in- 
teresting is the report of Klinkerfuss (1924), who 
traced this condition through four generations of a 
family. Most famous, however, is the report by 
Marie (1893), in which is described the occurrence 
of supernumerary nipples in a young girl, all of her 
deven siblings, her father, five paternal uncles, 
the grandmother, and the paternal great grand- 
mother, a total of twenty cases in four generations. 

EELATION TO TUBERCULOSIS 

Claims for the association of pol 3 nnastia with 
tuberculosis origmated with the Japanese. Sato is 


said to have found nineteen cases of actual or sus- 
pected tuberculosis among twenty-nine individuals 
with polymastia, and the subject was investigated 
more extensively by Iwai. The latter author 
(1906, 1907c) found 4.97 per cent of 1930 tubercu- 
lous patients to have supernumerary breasts, as 
compared with an incidence of 2.71 per cent among 
1514 non-tuberculous patients. Conversely, of 
ninety-six cases of polymastia, he found twenty- 
three per cent to be tuberculous, as contrasted with 
a tuberculosis incidence of ten per cent among non- 
pol 3 nnastics. On the basis of these figures he 
maintained that cases of i>olymastia are found 
more frequently among the tuberculous, especially 
those with pulmonary tuberculosis, and that indi- 
viduals with supernumerary breasts are more 
liable to be affected by tuberculosis than are others. 
Boenheim (1919) and Kajava et al (1921) have 
been unable to confirm these associations among 
Caucasian races, and the claims of the Japanese 
authors have not received general acceptance. 


RELATION TO LEFT-HANDEDNESS AND TO 
CONGENITAL ANOMALIES 

The interesting observation has recently been 
made by Landauer (1939) that the incidence of 
left-handedness is higher among individuals with 
supernumerary nipples than among the general 
population. He found 145 of 709 cases of hyper- 
thelia to be left-handed (twenty per cent), as com- 
pared with an incidence of eight per cent for this 
trait among the population at large. Stier (1912) 
had previously claimed that in left-handed indi- 
viduals supernumerary areolae occur practically 
always on the left side, as contrasted with a right 
sided preponderance of supernumeraries among 
right-handed individuals. 

Boenheim (1919) studied forty-eight cases of 
supernumerary nipples for manifestations of other 
anomalies and succeeded in demonstrating a high 
incidence of coincident abnormalities of various 
types. Malformations of the ears, he stated, were 
seldom absent, and skin anomalies (chloasmae, 
naevi, etc.) were common. Other coincident 
pathologic conditions which he recorded included 
imperfections of the eye (Homer’s syndrome, ab- 
normalities of the iris), high palate, various 
anomalies of the chin and teeth, gastric an- or 
hypo-acidity, Tropfenherz, epigastric hernias, and 
split ensiform processes. 
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CLINICAL ASPECTS 

SupcTiiumcrary breasts are of interest chiefly 
from an academic standpoint. Nonetheless there 
are several conditions which demand consideration 
by the clinician. Perhaps the most common source 
of annoyance from acce.ssory mammae is the pain 
which they cause during lactation. This is es- 
pecially so if the j^land is not equipped with an 
adequate outlet for its secretions. If a ni])ple and 
ducts are j^resent, the dribbling of milk which fre- 
quently occurs may be quite l>othersome to the 
patient. C\)sm(*tic considerations are resjxmsible 
for the formidal)le concern which many individuals 
manifest for the pres(‘nce of supernumerary bn‘asts, 
esj)ecially if they are lar^e or if they occur in con- 
sj)icuous or embarassin^ locations such as the face, 
neck, buttock, labia, etc. 

\’on Hardeleben (ISbl) Mj^j'ested that ac- 
cessory nippUs and mammary glands are more 
j)rone to j)atholo^ic changes than are normal one^, 
aiKl \Villiam^ (18<>5) reported a hi^h incidence of 
neoplastic disease (fibroadenoma and carcinoma) 
in ectojiic mammary tissue. Deaver and McFar- 
land (P>17) analyzed tin* rejiorted cases of tumors 
arising in supernumerary breasts, and de (Tolnoky 
mentions several more. Vet it is by no 
means established that tumors arise with greater 
frequency in ectopic mammary glands than in 
normally situated ones. 

POLYTHELIA AND POLYMASTIA IN sriMIEMAN 
PRIMATES 

In contrast to the voluminous literature relating 
to suj)ernumerary mammae in the human, there is 
a surjirising jiaucity of information concerning 
their occurrence in many lower forms, and the 
writer has been able to find only eight reports of 
sui)ernumerary nipples in sub-human primates. 

Sutton (1S8')) reported two cases in monkeys 
(a female Mikikhs siuims and a male Ccrco- 
pit herns palas), both accessories being on the left 
side, about tine inch below the luirmal nipple. 
Schickele (ISW) found a case of hyperthelia 
(in Manints rynomola^us) among t went}'- eight old 
world monkeys and five cases amting twenty-two 
platyrrhines of various species, all the super- 
num(*rary nipples occurring below' the normal ones. 
Each of these animals had an extra nipple on the 
left side, and in three the accessories occurred 
bilaterally, one of them {Crhns hypolvucus) having 
tw'o pairs. Two years later Beddard ex- 

hibited the skin of a female monkey {Cerropiihccus 


srhmilli) which possessed a pair of additional 
mammae below the normal pair, and the right su- 
pernumerar}' was said to be fully as large as the 
normal one. Zuckerman (1935) found an extra 
nipple fright side, below' the normal gland) in a 
pig- tailed macaque iMaaicus nemrstrinus), and 
three cases of supernumeraries^ in baboons iPapio 
porcariiis). In one animal the accessories were 
bilateral. .\n instance of hyperthelia has also been 
reported (Owen, 1868) in an orang-utan iPithccus 
satyrus), the accessory nipple occurring on the left 
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side below' the normal tine. Coolidge (1933) 
found a case of bilateral supernumerary nipples, 
occurring below the normal ones, in a chimjianzee. 
This was the onl}’ case that was observed among 
over 6(K) hides of great ajies that he examined. 
(In a report ntiw in preparation, which the pres- 
ent writer has very kindly been allowvd to read 
in f)reliminary draft, H. J. Coolidge, Jr. vill de- 
scribe an additional case of hyperthelia in a 
chimpanzee, as well as, for the first time, super- 
numerary nipples in a Siamang and a Ciibbon.) 
Elder (1936) added an interesting case of bilateral 
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hyperthelia (below the normal nipples) in a female 
chimpanzee, which gave birth to a male offspring 
which showed the same distribution of accessory 
nipples as the mother. This case is of additional 
interest in that the mother was the half-sister of 
twins. 

Only two cases have been reported of super- 
numerary nipples in the rhesus monkey {Macaca 
mulatto). Hartman (1927) described the first in a 
mature female, and Zuckerman (19v^5) reported a 
case in a young male. In both instances the extra 
nipple was on the left side, below the normal one. 


mammae have been observed, in addition to the 
case previously published by Dr. Hartman. 

Approximately one thousand rhesus monkeys 
have passed under scrutiny in the Carnegie and as- 
sociated laboratories. Thus, the incidence of this 
condition is about 1 .4 per cent, or within the same 
range as the most reliable estimates for the human. 
All occurred in the thoracic region, along the ap- 
proximate course of the embryonic milk line. In 
eleven cases the supernumerary was unilateral, and 
in two cases bilateral and symmetrical. Of the 
unilateral accessories, six occurred on the left side 


Fig. 2. Monkey no. 593. Supernumerary Areola, Helow Left Normal Nipple 


Personal observations 

While a guest at the Embiy^ological Laboratory 
of the Carnegie Institution in Baltimore, the 
writer was extended the opportunity of studying 
the huge collection of rhesus mammary glands 
which had been acquired by Dr. Carl Hartman 
over a period of years, as well as the breasts of the 
intact macaques which comprise the large Carnegie 
colony at present. Dr. Hartman has long been in- 
terested in the subject of polymastia and has, in ad- 
dition, collected pertinent notes and photographs 
which he very kindly placed at the writer's dis- 
posal. In all, thirteen cases of supernumerary 


and five on the right. All were below the normal 
breast. This again agrees well with most statistics 
concerning the incidence of distribution in the 
human. Twelve of the thirteen cases were females, 
but this figure is of little significance, since the vast 
majority of the monkeys in the colony have been 
females. 

In most instances the supernumerary nipple was 
distinctly smaller than the normal one. Fig. 1 
shows a typical example. All gradations in size 
were observed, however, from a bare accessory 
areola (Fig. 2) to a supernumerary nipple which 
was indistinguishable from the normal one. 
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The accessory breasts were removed, either at 
oi^eration or at autopsy, in one piece with the ipsi- 
lateral normal breast. The nipples were sectioned 
longitudinally and studied microscopically. The 
surface epithelium was often found to be thinner in 
the accessory nipples than in the normal ones. 
Otherwise, little histologic difference between the 
two was detected. The underlying fascia was dis- 
sected under the binocular microscope, to de- 
termine the presence or absence of mammary 
parenchyma in connection with the su[)ernumerary 
nipple. In only 5 instances was there any ac- 
cessory glandular tissue present, and this usually 
consisted of only a few short ducts radiating from 
the base of the nipple. There was no continuity 
between the normal and su|)emumerary mammary 
glands. Fig. 3 shows a mount of a typical sujx^r- 
numerary gland, consisting of two short ducts, and 
indicates its relation to the lower border of the 
ipsilateral normal gland. 

No definite statement can be made concerning 
the hereditary asjxfcts of polythelia or its possible 
relation to multiple births in the rhesus monkey. 
Two animals warrant brief mention, however, be- 
cause of the strong jirobability that they were 
twins, or at least sisters. Monkeys nos. 272 and 
273 arrived together in the same shipment from an 
animal dealer in New York City. They posse.ssed 
bilateral supernumerary nipfiles and appeared so 
similar in all other respects that the animal keejx*rs, 
who can ordinarily tell the monkeys in the colony 
apart with little difficulty, were unable to dis- 
tinguish between them, .\lthough actual proof is 
lacking, the presumption is strong that they had a 
common parentage. 

In Zuckerman’s re{)ort (1935) mention is made 
of the increase in the prominence and color of a 
supernumerary nipple of a male rhesus monkey fol- 
lowing injections w'ith estrin. This demonstrated 
the responsiveness of the structure to estrogenic 
hormone. It has recently been shown (Lamar and 
Speert) that the macaque nipple res|>onds in a 
striking manner to the local application of an 
alcoholic solution of estrogen, when the nipple is 
painted daily with the hormone. This type of 
treatment was applied to the accessory nipples of 
2 monkeys. Monkey LI was an immature male 
with a small accessory on the right side (Fig. 4). 
The accessory nipple and the left normal one were 
painted daily with an alcoholic solution of estrone. 
0.05 mg. per c.c., for 44 days. The right normal 
nipple was used as a control and was painted daily 


with plain alcohol. The results of treatment are 
shown in Fig. 5 and 6. There was a distinct in- 
crease in size and color of the sufxjrnumerary 
nipple, but the growth was somewhat less than 
that attained by the left normal nipple. This sug- 
gests that the supernumerary nipple, although 
responsive to estrogenic hormone, is either not as 
sensitive or lacks the same capacity for growth as 
the normal nipple. 

Monkey no. 708 was a mature female with a 
large accessory nij)ple on the right side, of approx- 
imately the same size as the normal nipple. This 



Fig. 3. Monkey no. 313. Whole Mount of 
Supernumerary Mammary Gland, Consisting of 
only Two Short Ducts; Showing Relation to 
Lower Border of Left Normal Mammary Gland 

.\luni cochineal; X 3. 

animal w’as similarly treated with local application 
of estrogenic hormone to the accessoiy nipple, 
but there w’as no demonstrable increase in size. 
This may possibly be explained on the basis of the 
nipple's having attained its maximal growth before 
treatment w'as begun. When the mammae were 
dissected a well-developed gland, with extensive 
arborization of the ducts and many end-buds, was 
found underlying the supernumerary nipple. 
This w^as the largest suj>emumerar\^ gland in the 
entire series, and it extended to the lower border of 
the ipsilateral normal gland. It is possible that 
the accessory gland may have attained this size 
independently of the treatment. It has recently 
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Fig. 4~6. Monkey LI, Immature Male. Effects of Daily Application of Alcoholic Solution of Estrone 
0.05 mgm. per c.c., to left nipple and to right supernumerary, for forty-four days. The right normal nipple was 
treated with plain alcohol. 

Fig. 4 (top). Before treatment. Figs. 5 (center) and 6 (bottom). After treatment. 
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been found, however, (Speert, 1940) that localised 
parenchymal growth of the monkey mammary 
£^d may be affected by the application of estro- 
gexnc hormone to the nipple area, and it is likely 
that this treatment was responsible for the ex- 
tensive glandular development observed. 

SUlfMARY 

The occurrence and significance of supernumer- 
ary mammae in the human have been discussed, 
with s|>ecial regard for the various views which 
have been held concerning their etiology, and for 
the statistical data which have been amassed re- 
lating to their incidence and location. The heredi- 
tary aspects of polymastia and polythelia are 
reviewed, and the theories associating these 
anomalies with fecundity and multiple births, 
tuberculosis, left-handedness, and congenital ab- 
normalities are discussed. Some clinical aspects 
of this condition are also briefly mentioned. 


The reported instances of accessory nipples in 
sub-human primates are reviewed. Only two 
cases have been observed previously in the ihesus 
monkey, and thirteen more are reported for this 
species. The incidence of supernumerary nipples 
in the rhesus monkey was found to be approxi- 
mately 1.4 per cent, a figure in agreement with most 
recent estimates of the incidence of this condition 
in the human. Eleven of the thirteen animals in 
the present series had unilateral supernumerary 
nipples; in two the supernumeraries were bilateral. 
Supernumerary nipples were observed with about 
the same frequency on the two sides of the body. 
In only five instances was accessory glandular tis- 
sue associated with the accessory nipples. 

Supernumerary nipples were found capable of 
responding, by growth and increased color in- 
tensity, to the local application of estrogenic 
hormone. 
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BIOGRAPHY OF A STATESMAN 

Being a review of William Henry Welch and the Heroic 
Age of Medicine by Simon Flexner and James 
Thomas Flexner. New York (The Viking Press), 
1941. 9J X 6i; x -f 539. $3.75. 

By William Travis Howard, Baltimore, Maryland. 
This work, authoritative, well-arranged, and written 
con amore, is easy reading. The text is not marred by 
footnotes, references to the sources being given con- 
veniently in an appendix. 

Fortunate in life, Welch is also fortunate in his 
biographers who, fortified by a wealth of material and 
a long and intimate association, portray over a period 
of eighty-four years the progressive development of a 
great personality under a rapidly changing environ- 
ment in science, medicine, hygiene, and social condi- 
tions. With absorbing interest they trace the evolu- 
tion of the man, intellectually, spiritually, and socially, 
and step by step they indicate the paths which led 
up to the commanding r6ie he played in the changes 
for the better, especially in medicine and hygiene, 
from the crude conditions of 1870 to those we now 
enjoy. 

Of those now living who had the privilege of asso- 
ciating with Welch, many will find here details of his 
life with which they were unacquainted; others will 
be disappointed that some of his characteristics which 
they particularly valued are not more fully stressed; 
and still others will doubtless think that imdue space 
is given the minutiae concerning the development of 
medicine and medical teaching during Welch’s life 
time and the numerous scientific and philanthropic 
organizations which he served and to such a great ex- 
tent guided. However, this is a matter of judgment 
in method and selection with which this reviewer 
finds himself in sympathy. 

Bom in 1850, in Norfolk, Connecticut, in the beauti- 
ful Litchfield Valley, Welch sprang on the paternal 
side from sturdy stock abundantly identified with 


medicine. Besides his father, two great uncles and 
four uncles were physicians. Welch’s father, a suc- 
cessful physician well in advance of his time, served 
his community in the State Legislature and in the 
United States House of Representatives and was in- 
terested as well in banking and manufacture. His 
mother, of Huguenot extraction on her father’s side, 
was a woman of talent and distinct literary gifts. 
Delicate in health, she died early, leaving a daughter 
of two and a half years and William Henr>% aged six 
months. 

Cared for by his grandmother, a deeply religious 
woman, until his fourteenth year, Welch was sent to 
boarding school and thence to Yale where he made his 
mark, graduating in 1870, second in his class. 

It is a far cr>^ from the rural Connecticut boy, indoc- 
trinated in the then current Jonathan Edwards brand 
of religion, who in his coUege days was the author of 
the “Decay of Faith,” to the natural scientist of 
maturer years, the exemplar of critical analysis of 
closely observed facts, tested and expanded by con- 
trolled experiment where possible and the whole sub- 
mitted to the strict forms of logic, who in his old age 
kept Rabelais’s works on his bedside table. 

Disappointed on graduation in obtaining a tutor- 
ship in Greek, his favorite study, and after teaching 
school for two years, with great reluctance young 
Welch became apprenticed to his father in medical 
practice. In 1872 he returned to Yale for a course in 
laboratory chemistry, and the follow^ing fall he entered 
on medical studies at the College of Physicians and 
Surgeons in New York where he won distinction. 
Here he was particularly interested in normal and 
pathological anatomy and neurology. Even before 
graduating in 1875 and prior to the formal opening of 
the Johns Hopkins Uhiversity^ young Welch v^ted 
Baltimore to seek an appointment in pathology. 
Throughout his several years of study in chemistry 
anatomy, physiology, pathological anatomy, and gen« 
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end pathology in Stnusbourg, Leipzig, and Bredau 
under some of Germany’s leading masters in these 
subjects and later during his early struggles in teach- 
ing pathology in New York, Welch ever had this goal 
in mind. During these student years, he found time 
to indulge his taste for music, painting, and archi- 
tecture, and thus laid the foundation for the deep 
interest in general culture which later opened the door 
for associations and friendships of the most diverse 
types. With his fine and well-disciplined mind and 
his broad training, Welch was facUe princeps among the 
younger men interested in the scientific side of medi- 
cine in America when, having attained the coveted 
professorship of pathology in the new University, he 
opened his laboratory in Baltimore and set to work to 
introduce to his native land the methods of teaching 
and investigation of the German universities. 

With but little hesitation, he put behind him the 
lure of money-mart medical practice and social dis- 
tinction in New York to undertake the inauguration 
of pathology as a scientific discipline in an infant uni- 
versity in a provincial town. 

Welch was a man of general rather than special 
talent, who could have made his mark in any one of 
several fields. With a consuming curiosity for knowl- 
edge, he spread his talents over a variety of interests: 
science, literature, pictorial and plastic art, music, 
and architecture. A master of the techniques of 
anatomy, physiology, pathological anatomy, general 
pathology, bacteriology, and animal parasitology, he 
iavented no new methods opening up avenues of dis- 
covery in any of his chosen interests. 

His happiest years were probably those between 
1884 and 1894 when, free from administrative duties 
and outside demands and surrounded by an enthu- 
siastic band of talented associates and pupils, he was 
prosecuting and stimulating productive research. The 
senior author’s description and evaluation of Welch’s 
scientific contributions and teaching methods con- 
stitute a valuable section of the book. 

The organization of the Medical School was the 
opening wedge between Welch and his beloved labora- 
tory, and by the turn of the century, he had become 
a national figure, and his abilities and energies were 
swept, perhaps against hk will, into a rapidly growing 
multitude of outside activities: medical and scientific 
societies, foundations for scientific investigation, and 
philanthropic institutions — ^local, national, and inter- 
national. These activities involved much travel and 
the delivery of innumerable addresses, many of which 
were written overnight on trains. 

Significant of Welch’s.dominating influence upon the 
Johns Hopkins Hoi^ital in the early days is the fact 
that although the clinical departments were presided 
over by such talented and individualistic men as 
Osier, and Kelly, the tone of the institution 
wtm set by tile pathologic^ laboratory. Indeed, per- 
haps the most striking feature of the research upon 


which the reputation of the Hospital was so largely 
based was its close coordination of the clinic with the 
laboratory. Halsted who worked out his aseptic 
technique in the laboratory and his assistant, Cushing, 
were experimental pathologists of note. Osier was a 
trained pathological anatomist, and his early residents, 
Lafleur and Thayer, had tables in the Pathological. 
From Kelly’s Clinic, Whitridge Williams, Robb, 
Griskey, and Cullen made important contributions in 
the bacteriology and pathology of the female genera- 
tive organs. With every phase of the work of both 
clinic and laboratory, Welch was in intimate touch. 

Nor when the medical school opened with brilliant 
and productive heads of the laboratories of anatomy, 
physiology, and pharmacology, did the pathological 
laboratory under Welch suffer by comparison. 

After most men retire, Welch established two new 
schools in the Johns Hopkins University — the School 
of Hygiene and Public Health and the Institute of 
the History of Medicine. Here he showed the same 
judgment and breadth of view which marked the 
organization of the medical school. Asking nothing 
for himself, he never strained his great influence to 
further his own University above other interests. 
Although meticulously careful of even the minutest 
details in his investigations and his editorial functions, 
in the administration of his laboratory and of the vari- 
ous schools he organized in the University and in his 
numerous outside activities the details were left to 
others. 

Very popular with women and holding them in high 
regard, he remained celibate. Welcomed in many 
homes, he never had one of his own, prefering to live 
in *‘rooms” (bedroom, bath, and study), always near 
his clubs where he took his meals and did his frequent 
entertaining. 

A gap in the narrative, which, to a certain degree, 
the present reviewer can fill, concerns Welch’s asso- 
ciates, medical and social, during his early years in 
Baltimore. His association with President Gilman, 
while cordial, was never intimate. Indeed, Gilman 
had no intimates, and his position in Baltimore was 
one of aloofness. Having picked his men and given 
them opportunities, he left them free. Among ibt 
faculty of the natural sciences, with Remsen, the 
chemist, Rowland, the fox-hunting ph 3 r 8 icist, and 
Brooks, the talented but retiring zoologist, Welch’s 
relations were friendly but not close. His cousin, 
Huntington Williams, who urged him to accept the 
Hopkins offer, died only too soon. Considering 
Welch’s early love of Cireek, it seems strange that 
Gildersleeve and he were not close associates. Newell 
Martin, head of the Department of Biology, whose 
laboratory gave space to Welch during his first year 
in Baltimore, was perhaps his only intimate on the 
faculty. Yet, Welch’s secondary motive in accepting 
the Hopkins Chair was for comradeship with men of 
this type. However, all his colleagues with the ex- 
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ception of Gildersleeve were absorbed in their own 
pursuits with their reputations to make, and aU except 
Martin were married. Furthermore, Welch at once 
fell under two influences which affected his after life 
in Baltimore. In the first place, he was elected to 
membership in the then exclusive Maryland Club the 
members of which represented the Maryland aristocracy 
in birth, breeding, and accomplishment, with a sprin- 
kling of men of similar qualities from without the 
State, chiefly from Virginia and South Carolina. He 
was probably proposed by Doctor Alan P. Smith, 
grandson of the founder of the Yale Medical School, 
a surgeon of distinction, and the only physician ap- 
pointed by Johns Hopkins on the original Board of 
Trustees of the Hopkins Hospital. Welch’s “rooms” 
were near the Club and within a stone’s throw of the 
homes of many of the leading medical men. At the 
Club, he associated not only with influential physicians 
but w'ith several of the trustees of the University and 
Hospital, including Judge Dobbin, President of the 
Board. Here he met Major Richard Venable, eminent 
law)rer, cultivated Virginia gentleman, unreconstructed 
rebel, and boisterous wit, who with Halsted became the 
men dearest to his heart. 

Almost immediately Welch was adopted by the 
medical profession of Maryland; at the first vacancy he 
was elected to the Medical Reunion, a supper club 
composed of the leading physicians, and within five 
years he was chosen president of the Medical and 
Chirurgical Faculty of Maryland, an honor reserved 
for the most distinguished among the membership. 

From the very start of his Baltimore life, Welch 
was received socially and professionally with open arms 
and thus early was his universality recognized. Of 
jealousy there was none, and his popularity in ever 
spreading circles never waned. 

Halsted, his friend of the New York days, joined 
him in 1886 , took rooms next door, and belonged to the 
same circle at the Maryland Club. 

In the early days of the Hopkins Hospital, the med- 
ical profession w'as justly antagonistic. But the au- 
thors are quite excusably in error in attributing this 
to the fact that three outsiders were chosen for the 
principal clinical posts. All the active heads of the 
various departments and their assistants in the dis- 
pensary, were Baltimoreans. Some like Theobald, 
McKenzie, Booker, James Brown, and Morison, were 
leaders in their specialties with national reputations. 
In obstetrics, gynecology, and surgery, the leading 
local men were too old even if asked to have undertaken 
the burden. In medicine, there was only one man, 
I. £. Atkinson, who might have reasonably aspired to 
a principal chair. Halsted, in surgery, was hardly an 
outsider. He had been working in Welch’s laboratory 
for three years, and having no office could not be looked 
upon as a competitor. The antagonism had its source 
in two circumstances: What was considered President 
Gflman’s over fulsome praise of Osier and Kelly, and, 


much more important, the dispensary was soon flooded 
with patients able and accustomed to pay their ph3nii- 
dans. These grievandes were soon assuaged by the 
appointment of a number of the leaders in the pro- 
fession as consultants to the Hospital and by better 
control of the dispensary clientele. 

As had been the case with Welch’s laboratory, the 
dispensary services and clinics of Halsted, Osier, and 
Kelly soon became the Mecca of the younger men of 
the profession. 

Welch’s career is unique in American medicine. 
Distinguished for his sdentific contributions, his influ- 
ence as a teacher and organizer of three different de- 
partments in the University, he was in the correct 
sense of the term a great statesman. This country 
has produced two other men who similarly and justly 
attained universal respect and beneficent influence in 
homage to their minds, characters, and attainments, 
and their unselfish devotion to the public interest in 
their respective fields of activity. In following Welch’s 
career, one is tempted to think of him as a happy 
combination of these two philosophers — Franklin and 
Jefferson. Welch was of much the same body build 
as Franklin and was endowed with the same vigor 
and capacity for hard work. He possessed the same 
insatiable and universal mental curiosity, the love of 
learning, the bonhomie, the poise, the patience, and 
the wisdom so characteristic of Franklin. Like the 
latter, he attained world-wide reputation in natural 
science, and like him, too, even up to the end of Ufe, 
he was constantly called on to advise and to guide 
new movements. Like Franklin, also, Welch com- 
bined geniality and hospitality with personal dignity 
and was above self-seeking and jealousy. 'The honors 
that came to both were unsought and were borne with 
becoming modesty. Like Jefferson, Welch loved all 
that is elegant in life and beautiful in nature and art. 
They shared the same aspirations for the improvement 
of mankind and exercised the same caution against 
proceeding faster in reform than conditions seemed to 
warrant. In Jefferson’s milieu, Welch might well 
have written the bill of religious freedom, have planned 
a system of education based on the free grammar 
school, the county academy at which exceptionally 
brilliant boys would be supported at public expense, 
all topped by a state university, presided over by. 
scholars, in which the students attended the “schools” 
of their choice in any order they chose. Similarly, 
Welch might well have obtained vaccine virus from 
Waterhouse and in the Montecello neighborhood, with- 
out medical assistance, have made observations on the 
evolution of the lesions of vaccinia which for precise- 
ness are unsurpassed. As Jefferson was the political 
“Sage of Montecello,” so Welch became the ’^edkal 
Sage of St. Paul Street,” to whom came persons from 
near and far seeking advice in education, medidne, 
hygiene, and philanthropy. 
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By those now living, who knew and loved Welch, 
this account of his life will be received with gratitude. 
Those who knew of him only as a great man will learn 
wherein his greatness lay. Biologists will greet a 
great biologist. All readers will recognize not only 
an energetic, forceful character, but a wise, generous, 
and lovable man who more than deserved the unique 
national and international tributes paid him on his 


eightieth birthday, and will understand why Venable 
on his deathbed said, **1 want to express my admiration 
for Doctor Welch,’* and why Halsted said on a great 
occasion given in his own honor, **A11 that I have ac- 
complished in my scientific investigations I owe to the 
example and. guidance of Doctor Welch,” and why 
Councilman once said, would lay down my life 
for Welch.” 


BRIEF NOTICES 


EVOLUTION 

A Miocene Flora from Shantung Province, China. 
Part I. Introduction and Systematic Considerations. 
Part II. Physical Conditions and Correlation. Carnegie 
Institution of Washington Publication No. 507. Con- 
tributions to Paleontology. 

By Hsen Hsu Hu and Ralph W. Chaney. Carnegie 

Institution of Waskingtony D. C. $3.75 (cloth); 

$3.25 (paper). Hi x 8}; vi + 147 + 57 plates; 

1940. 

Previous to 1938 there had been no known record of the 
occurrence of rock of Miocene age in China proper. 
The discovery of deposits near Shanwang in Shantung 
Province have yielded large collections of fossil plants, 
insects, fish, frogs, turtles, and mammals. A study of 
the shales and the physical conditions of the region, 
past and present, has produced results of great signifi- 
cance, not only in the Tertiary history of Asia but in 
the history of the development of vegetation through- 
out the northern hemisphere. The presence of aquatic 
plants and numerous fish shows that the shales were 
largely deposited in lakes. All evidence seems to 
point to the Shanwang formation as being late Miocene. 
*Tt appears to have accumulated during the time 
units referred to the Sarmatian in £\m)pe, and Mascall 
to San Pablo in North America.” 

The flora as now known is made up exclusively of 
angiosperms. Environmental factors seem to account 
for the absence of coniferous genera which are regu- 
larly present in the Tertiary floras of China, Japan, 
and Siberia. Omitting the herbs, which form a small 
portion of the flora, the ratio of trees to shrubs is 45 
to 55. This relationship is “extremely high for a 
flora containing so many temperate genera, and cor- 
responds to that of the tropical forest near Manila. 
The relatively large proportion of vines is a charac- 
teristic of warm, moist habitats.” 

The 50 plates accompanying the systematic part 
of this study give a fine pictorial record of the flora 
from the deposits. The seven plates in the second 
part show topography and modem vegetation in the 
i^maiediate vicinity of the fossil locality and elsewhere 
in North China and Japan. Both parts are well 
documented. 


Speoation in the Avian Genus Junco. University 
of California Publications in Zodlogy^ Volume 44, 
Number 3. 

By Alden H. Miller. University of California PresSy 

Berkeley and Los Angeles. $3.00. lOf x 6|; 262; 

1941 (paper). 

In this exhaustive review of the genus JuncOy the writer 
has not formulated his conclusions on museum speci- 
mens alone, as is usually the case in most works of 
this nature, but has supplemented his data with ac- 
tual field observations. The yellow-eyed juncos con- 
sist of the alticola and phaeonotus groups (artenkreis), 
and the dark-eyed birds fall into the oreganus and 
hyemalis groups with the caniceps (rassenkreis) inter- 
mediate between the former two. In all groups there 
is a good correlation between wing and tail length; 
no other correlations of large magnitude run through 
all forms of juncos with constancy. No environmental 
correlation of color (Gloger’s Law), of size (Berg- 
mann’s Law), or of size of extremities (Allen’s Law) 
could be found. 

As to the phytogeny of the genus, it appears that it 
arose in North and Middle America and now shows 
no resemblance to the Emberizinae of Europe and South 
America. Vulcani is considered a primitive stage 
followed by the yellow-eyed juncos. Caniceps-^e 
and hyemalis-\ike forms may have arisen at the same 
time in the interior and in the East. 

Each taxonomic form is carefully described, the 
range outlined, intraracial and interracial variations, 
and relationships discussed. The first appendix is a 
comprehensive review of the nomenclature, and the 
second lists the breeding localities of typical popula- 
tions. Altogether this forms a notable contribution 
for a better understanding of a difficult group of birds. 



Prehistoric Communities of the British Isles. 

By V. Gordon Childe. W. and R. ChamherSy London 
and Edinburgh. 20s. net. 9 x 6i; xiv -f- 274 4- 16 
plates. 1940. 

Although paleolithic sub-men have occupied the 
British Isles for approximately half a million years, 
it was only about fifty thousand years ago that men 
who can be definitely identified as Homo sapiens ap- 
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peared. The cultural remains of these earlier inhabi- 
tants is not adequate for the recognition of the graded 
stages of development such as occur in France. The 
earliest culture that can be correlated with a correspond- 
ing one from the continent is the Aurignacean, but this 
was not developed spontaneously but was introduced 
from the mainland. 

All subsequent cultures are amply represented in 
Britain by such structures as barrows, cairns, brochs, 
etc., which are more numerous than commonly sup- 
posed. Excavation of these has yielded a great quan- 
tity of stone and clay shards, knives and spear points, 
urns and beakers, and from later times bobbins, bits, 
dice, and coins. 

In the present work all of these artifacts are dis- 
cussed in detail, as well as those of tiA pre-Aurignacean 
cultures. Numerous text figures and diagrammatic 
maps elucidate the text, and a series of excellent plates 
from photographs by the author add to the value of 
the book. Even the pre-Romanic languages come in 
for a share of the discussion. Of these there appear 
to have been seven, six of which have Keltic afiinities 
while the relationships of the seventh, which is prob- 
ably the oldest, are imknown. 

The book is complete and scholarly, with extensive 
index and bibliography. 



Mammals of the Lava Fields and Adjoining Areas 
IN Valencia County, New Mexico, Miscellaneous 
Publicalions, Museum of Zoology, University of Michi- 
gan, No. 51. 

By Emmet T. Hooper. University of Michigan Press, 

Ann Arbor. 50 cents. 10 x 6i; 47 4-3 plates; 

1941 (paper). 

A report of a study of the mammal fauna of a section 
of west-central New Mexico on and around extensive 
fields of blackish lava to determine the forces directing 
the evolution of dark races of mammab on the lava 
flows. In the Tularosa Basin, where the lava beds are 
much more isolated than those in Valencia County, 
the blackish pelage coloration has become more com- 
pletely fixed. The study, based on records of 60 kinds 
of mammab (species and subspecies) indicates “(1) 
that the darker coloration has a higher survival value 
on the black lava; and (2) that the present center of 
dbpersal of the darker animals b the black lava and 
not the lighter substrata near the bbck lava.” 



Development of Occlusion. University of Pennsyl- 
vania Bicentennial Conference, M-12. 

By WUliam K. Gregory, B, HoUy Broadbent, and 
Milo Heilman. University of Pennsylvania Press, 
PmaddpMa. $1.50. 9x6; 72; 1941 (paper). 


GENETICS 

Genetics and the Origin of Species. Second Edi- 
tion, Revised. 

By Theodosius Dobzhansky. Columbia University 

Press, New York. $4.25. 9x6; xviii 446; 1941. 
The fiirst edition of thb outstanding book has already 
been reviewed in thb journal (Vol. 13, p. 211). The 
second edition does not need a detailed review, for the 
author’s point of view and hb arrangement of the 
material has remained essentially the same. Never- 
theless a considerable number of additions and some 
changes have been made, and these deserve notice. 

While most of the minor changes are the result of 
the author’s desire to make the text more explicit, the 
most important changes are additions of new material. 
Thb b exemplified by the increase in the number of 
references from about 600 to nearly 1,000 and of the 
number of pages from 364 to 446. The inclusion of 
so much new material b the result on the one hand of 
the recent growth of research on evolutionary problems 
and on the other of the expansion of the author’s 
interests. The inclusion in the revised edition of work 
on the transformations of pneumococci b a good 
example of thb. Some changes in the arrangement of 
the materbl have been made of which the most notice- 
able b a shift of the material on the theoretical signifi- 
cance of population dynamics from the chapter on 
selection to a new chapter entitled ^Tattems of Evolu- 
tion.” 

Among the recent works on evolution discussed and 
criticized by Dobzhansky, Goldschmidt’s The Material 
Basis of Evolution takes a prominent place. Thb b 
not surprising since the two authors differ even in 
some of their basic assumptions. 

A revbion at the present time of Dobzhansky’s ex- 
cellent book would have been welcomed in any case by 
biologbts interested in evolution. Perhaps some of 
them will find it particularly valuable because it fol- 
lows so closely the expression of very different views 
by Goldschmidt. 



GENERAL BIOLOGY 

Biology and Human Affairs. 

By John W. Ritchie. World Book Company, Yonkers- 
on-Hudson. New York. $2.32. 8i x 51; xiv -f* 
1026; 1941. 

The encyclopedic proportions of thb high school text- 
book (1026 pages) may at first glance frighten away 
some of those for whom it b intended. However, al- 
though much more material has been included than 
an average class can hope to cover in one year, the 
22 units are, in the main, independent of each other 
so that they can be taken up in practically any order, 
or some can be omitted. The point of view b practical 
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throughout, the wide application of biological ideas to 
human living being constantly emphasized. 

The teaching method combines the t3rpe, group, and 
princ4>le8 methods. The number of scientific terms 
has been kept at a minimum. The author is to be 
especially commended for the excellent and profuse 
illustrations which are a distinct feature of the book. 
Each unit is concluded with a comprehension test, a 
list of suggested activities and applications, and selected 
references for reading. The appendix contains a classi- 
fication of animal and plant kingdoms, a table of the 
divisions of geological time, a complete glossary, and 
an index. 



Exflokateoks and Field-Work of the Smithsonian 
Institution in 1940. Smithsonian Institution Publi- 
cation 3631, 

Smithsonian InstUuUon, Washington, D, C. Free. 
9i X 6; 100; 1941 (paper). 

Each year expeditions go out from the Smithsonian 
Institution to collect specimens, record data, etc. in the 
various fields of science. A preliminary announcement 
of the year^ work is issued in pamphlet form. The 
present report shows that, as usual, much work was 
done in the biological sciences in 1940. Early man 
was traced in Viri^a and Folsom man in the West, 
while various Indian groups in North America were 
studied. Live animals were collected in Liberia while 
extinct animals were trailed in the central Utah and 
the Bridges Basin of Wyoming. Grasses were studied 
in Venezuela, butterflies in Virginia, birds and mam- 
mals collected in South Carolina, and reptiles and 
amphibians in Mexico. Habitat group material was 
collected in the Canadian Rockies, dredge hauls made 
in the Gulf of California and the King crab (what we 
know in caimed form as Japanese crab meat) studied 
in Alaskan waters. The many photographs form an 
interesting part of this brief report. 

w 

An Introduction to Biology. 

By J. C, Cross, The C. V, Mosby Company, St. 
Louis, $1.90. 7i X 5i; xvui + 507; 1941. 

This book has been written for the special purpose of 
presenting southern plants and animals to students 
and teachers of high schools in that part of the country. 
Since southern fauna are rich enough to supply good 
examples for nearly all practical purposes, either for 
laboratory or for recitation, the author selected those 
representative forms of the biological resources of the 
South that would be of most value in a high school 
course. The textual material is divided into eight 
parts or units. In general, the book foUows the plan 
proceeding from the simpler plants and animals to 


the more complex. The divisions of the material are 
as follows: Introduction; The simplest animals; 
Plants without seeds; The seed-bearing plants; Ani- 
mals with jointed feet; Animals with backbones; Struc- 
ture and function in plants; and Structure and function 
in animals. There is no bibliography but an excellent 
glossary and index are available. 



Oceanography of the North Pacific Ocean, 
Bering Sea and Bering Strait: A Contribution 
toward a Bibliography. 

By Mary C. Grier. University of Washington, Seattle. 

$2.50. 19 X ^ xxii -f 290; 1941 (paper). 

More than 2,93(ritems are listed in this bibliography. 
Important books, magazine articles and documents 
bearing upon the oceanography of the area defined and 
the inshore waters, with the exception of the coast of 
California, are given. The bibliography is divided 
into the following sections: General references. Physical 
oceanography. General biology. Plankton, Invertebrata, 
Pisces, Aves, Mammalia, and Flora. There are in- 
dexes to author and personal names and to subjects 
and titles. The volume is well printed. The generous 
spacing of the items not only makes for easy reading 
but gives opportunity to the student to jot down 
additional notes. 



Papers of the Michigan Academy of Science, 
Arts and Letters. Volume XXVI {1940). Part I: 
Botany and Forestry. Part II: Zoology. Part III: 
Geography and Geology. 

Edited by Eugene S. McCartney and Mischa Titiev. 
The University of Michigan Press, Ann Arbor; Oxford 
University Press, London. Part I, $1.75; Part II, 
$1.75; Part III, $1.50. 9J x 6; Part I, vii -h 158 -f 
3 plates; Part H, viii + 180 + 1 plate; Part III, 
vii + 104 + 1 plate; 1941 (paper). 

Volume 26 of this series is available in four parts; the 
first dealing with botany and forestry, the second with 
zoology, and the third with geography and geology. 
The fourth part is concerned with topics in other than 
biological fields. The contributions are too numerous 
to mention even by subject matter. They pertain 
mostly to the biology of Michigan. 



Cine-Biology. 

By J. V. Durden, Mary Field and F. Percy Smith, 
Penguin Books, Harmondsworth, Middlesex, England; 
Penguin Books, Inc., New York, 25 cents. 7 x 4i; 
128; 1941 (paper). 

** , , ,a.n attempt to blend together into one narrative 
three sharply contrasting points of view; these are the 
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critical accuracy of the scientist, the exuberant enthusi- 
asm of the naturalist, and the anthropomorphic ideas 
of the layman who strives to translate the doings of 
an insect in terms of human endeavour.” For this 
purpose the common invertebrates have been chosen. 

The illustrations are from photographs (hence Cine- 
biology?). The result is pleasing and readable and 
should be enjoyed by the layman for whom it is in- 
tended. 



Collected Reprints: 1940. Woods Hole Ocea^ 
nographic Institution: Containing also the Annual Re- 
port of the Director of 1939. 

By Various Authors. Woods Hole Oceanographic 
Institution^ Woods Hole^ Massachusetts. $3.00. 
9} X 7; 1941 (paper). 

This voltime contains those contributions from the 
Woods Hole Oceanographic Institution for 1940 that 
did not appear in Papers in Physical Oceanography and 
Meteorology. The 33 papers are unrelated to each 
other. Mostly they deal with the physics and chemis- 
try of sea water, although ecology, taxonomy, and ex- 
perimentation are not neglected. There is one paper 
dealing with the flight of birds. The annual report 
of the Institution is appended. 



Proceedings of the Sixth PACinc Congress of 
THE Pacific Science Association Held at the University 
of California, Berkeley, Stanford University, and San 
Francisco, July 24th to August 12th, 1939. Volume III. 
Pacific Science Association. University of California 
Press, Berkeley and Los Angeles. $3.50. 9i x 6; 
viii -1- 754; 1940 (paper). 

This large volume consists of many contributions on all 
phases of marine study. Currents, oceanography, 
distribution of fish, research programs, climatology, 
are but some of the topics. These studies have all 
been made on the Pacific Ocean, from east to west. 



El Mar Acuario del Mundo. 

By Enrique Rioja. Editorial Seneca, Mexico City. 

$2.50. 7J X 5J; 405; 1941. 

In this book the author, a weU-known Spanish student 
of animal life of the sea and now pursuing his research 
in the Biological Institute of the National University 
of Mexico, writes in a popular style of some of the 
lower plant and animal forms, coral, mother-of-pearl, 
fish with protective cobration or chameleon-like charac- 
teristics, and monsters, real and imaginary, of the sea. 
The book is written with authority as well as charm and 
is profusely illustrated. 


Manual of Biology. Sixth Edition. 

By George Alfred BaitseU. The Macmillan Company, 

New York. $2.75. 8} x 5}; ix -h 449; 1941. 

This standard biology text has enjoyed wide popularity 
and use through five previous editions. The present 
edition maintains the same high quality of workman- 
ship exhibited by the earlier editions, and with few 
minor exceptions presents the same well-selected ma- 
terial in the same logical sequence as it appeared 
previously. 



Univerity of Colorado Studies. Series D. Physical 
and Biological Sciences, Vol. I, No. 3. Containing the 
Following Articles: Keys for the Identification of Colorado 
Orthoptera, by Gordon Alexander; Effect of X-radiation 
upon the Growth of Lemna minor, by Edna Louise John- 
son; Abbreviation of Names of Biological Publications, 
by Edward D. Crabb; Distribution Problems in Some 
Moraine Ponds, by Hugo G. Rodeck; An Introduction 
to the Limnology of Northern Colorado, by Robert W. 
Pennak; An Anomalous Everted Piece of Ileum in an 
Adult Cottontail Rabbit, by Edward D. Crabb and Mar- 
garet A. Kelsall; A Bibliography of High Altitude 
Limnological Investigations in the Western United States, 
by Robert W. Pennak. 

University of Colorado, Boulder, Colorado. $1.00. 

10 X 61; 229; 1941 (paper). 



HUMAN BIOLOGY 

^Through China’s Wall. 

By Graham Puk. Houghton Mifflin Company, 
Boston. $3.50. 9| x 5|; 371; 1940. 

The author visited China for the express purpose of 
making portraits of the natives and sketching their 
countryside. The numerous drawings in the book 
were not put there to illustrate the text; rather the 
text w^as written as a commentary on the illustrations. 

Peck explains that the disdain which the Chinese 
feel toward the Mongolian barbarians that are pene- 
trating the frontier is equalled only by that which the 
barbarians feel for the Chinese. The author is equally 
interested in both, especially in their personal sanita- 
tion, or lack of it, a subject of which he never tires. 
This interest is always in the individual, never in the 
group. The individuals also took a great deal of 
interest in him, and used to assemble outside his 
window to make peepholes in the paper window pane, 
that they might witness his ablutions and admire the 
hair on his body, which they mistook for feathers (the 
Mongolians have no hair except on the head). 

The last few chapters are taken up with the author’s 
experience as a stretcher bearer and ambulance driver 
for the Red Cross after the actual outbreak of hos- 
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tdlities. The account of the rescue of a fifteen-year- 
old boy who had been l 3 dng in the mud for a month, 
unprotected from the weather, with a shattered arm 
hanging limply from the shoulder blade, and a fly- 
blown and maggot-ridden leg and whose only sustenance 
had been what he could beg from the peasants who 
continued to cultivate their rice patches amid the filth 
and stench of the bodies of horses and human beings 
rotting together, should be effective in teaching the 
reader what war means. 

But somehow one reads between the lines that even 
this war will pass. There have been wars in China 
before, but Chinese civilization has endured for three 
millenia and after each war it has rolled back again 
like the rock of Sis 3 rphus. The war may realign all 
the ephemeral boimdaries of Europe, it may destroy 
democracy and religion in the Occident, it may be the 
tocsin of western civilization, but when it is over the 
author expects to see the old order in China restored, 
and when that occurs he is going back again. 



^ River of Ruins. 

By Louis J. HaUe, Jr, Henry Holt and Company, 

New York. $3.00. 8i x 5|; xii + 334 4- 16 plates; 

1941. 

The unofficial expedition made by the author and a 
companion to the lesser explored sites of Mayan civiliza- 
tion in Pet6n, a jungle district lying partly in Mexico 
and partly in Guatamala, is the subject of this fascinat- 
ing book. The journey was made mostly by the 
water routes of the rivers de la Pasi6n and Usumacinta. 
At Paso Subin the two explorers felt that they had 
left the outposts of present civilization. At La 
Libertad they divided their time between stud 3 dng 
the ruins at two sites and an embarrassing attempt to 
collect bird specimens for the Harvard Museum — 
their only ornithological venture of the trip. At Tikal 
and Palenque, the eastern and western extremities, 
approximately, of the region explored, they found 
^'architectural capitals” from two periods of Ma 3 ran 
civilization. Tikal is considered to have been the 
first of the cities constructed by the mature Mayan 
civilization; Palenque the last. Of the well-preserved 
sculptures on the lintels of the bat-infested temple at 
Yanffii]4n the author writes: 

1 suppose these stones were designed chiefly to inspire 
awe, because even across all the barriers to understand- 
ing that separate us from them, they have that ef- 
fect. . . . This is High Mass in any language and in any 

time, whatever g^ it may represent All this 

elaboration of costume, all this wealth of artistry, the 
subtlety of the modeling and the devoted rendering of 
every detail, were desij^ed to lift men above their 
common selves to the level of their common aspira- 
tkmi. Hiere is more here than can be measured by 
any arithmetic—more than what is included in any 
aidiaeological report. 


In addition to the descriptions of the ruins the book 
is colored by vivid descriptions of the geography, 
the natives and "foreigners,” the vegetation, animal 
and insect life of the region, and numerous accounts 
of the explorers’ adventures and misadventures. 



^Twentieth Century Indians. 

Photographs and Text by Frances Cooke Macgregor 
with a Foreword by Clark Wissler. G. P. Putnam*s 
Sons, New York. $3.00. 11 x 8i; xv -F 127; 
1941. 

The stated purpose of this beautifully illustrated vol- 
ume is to dispel the many vagaries and misconceptions 
concerning the Indians of the United States. The 
past century has witnessed the futile attempt on the 
part of the government and of the people'of the United 
States to destroy the American Indians’ native cultural, 
social, economic, and religious structures, and replace 
them with so-called "civilized” philosophies, concepts 
and activities. The fact that the aboriginal popula- 
tions failed to successfully attain the desired measure 
of “civilization,” and that their stocks were being 
rapidly depleted, seemed ample reason to believe that 
the Indians represented an inferior race, and that there 
was not much hope for them in the present world of 
competition. 

A more recent and hopeful attitude toward the In- 
dian accepts his culture and industry as valuable in 
themselves without regard to civilized culture and 
industry. This attitude has resulted in better methods 
of education and in better health and living conditions 
for the Indians, and these in turn are preparing them 
for happier and more successful lives, not as white men, 
but as Indians. 

The author’s photographic artistry has contributed 
greatly to the excellence of the volume. Two maps, 
one at the beginning and one at the end of the book, 
are of much interest. The first gives the habitats of the 
important Indian tribes at the time Columbus dis- 
covered America. The total number of Indians at 
that time has been estimated to be about 846,000. 
The second map gives the distribution of the prin- 
cipal Indian tribes in the United States today and 
marks the locations of small communities (Rancherias) 
in California and (Colonies) in Nevada. 



^Crime and Its Treatment. Social and Legal Aspects 
of Criminology. 

By Arthur E. Wood and John B. Waite. American 
Book Company, New York. $3.50. 81 x 5J; iz + 
742; 1941. 

As the sub-title indicates this heavy tome deals with 
two aspects of criminology, the sociological and the 
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legal. The latter is discussed in the second half of the 
volume wherein an informative and comprehensive 
account is given of the elements of criminal law and of 
penobgy — ^iiabilityi evidence, trial procedures, prison 
systems, and corrective treatments. Thus, the com- 
plete picture is made available of the reactions of our 
society to the trespassing against its regulations. The 
supposed cause of this trespassing, i.e. crime, consti- 
tutes the substance of the first part of the book. 
Woods, who is responsible for this part, examines first 
crime statistics and their value and the case history 
method of study of crime. He emphasizes the unre- 
liability of crime statistics, and in general has a low 
opinion of statistical handling of criminological data. 
So far as the etiology of crime is concerned, the author 
is mainly interested in the effects of the environment, 
although a short chapter covers briefly certain aspects 
of the psychopathology of crime. If this chapter 
had not been included one could well assume that views 
on criminality have not made much progress during the 
last century. Sociologists often accuse the human 
biologist of lack of appreciation of the so-called social 
sciences yet the ineffectiveness exhibited by the nar- 
row viewpoint which emanates from the dominating 
sociological approach should encourage further experi- 
mentations along other lines. After all, crime is a 
behavior problem and man’s behavior is rooted in his 
“lowly nature” as Dan^in put it. A selected bibli- 
ography follows each chapter and many references 
are given in the text. 



Culture Element Distributions: XIII. Nevada 
Shoshone. Anthropological Records y Volume Num- 
ber 2. 

By Julian Steward. University of California Press y 

Berkeley. $1.50. 11 x 8i; v -f* 151; 1941 (paper). 

Culture Element Distributions: XIV. Northern 
Paiute. a nthropological Records y Volume 4, Number 3. 

By Omer C. Stewart. University of California PresSy 

Berkeley. 75 cents. 11 x 8}; iii -f 85; 1941 (paper). 
These studies give extensive data, arranged in notes 
and in tabular form, on the distribution of cultural 
elements in Nevada Shoshone and die neighboring 
Northern Paiute. The habitat of the Northern Paiute 
is uniformly desert, although modified somewhat by 
streams from the mountain area. The Shoshoneans, 
dwelling in the region east of the Northern Paiute, 
occupy an extremely infertile area, which necessarily 
has had an important effect upon many of their ac- 
tivities. Their food is largely rodents and seeds, which 
grow widely scattered. 

In summarizing and synthesizing the Shoshonean 
data, uniformity is shown to be greatest in the es- 
sential economic traits, such as hunting and seed- 
gathering: greatest variation in hunting, as in food- 


gathering, is in details which are dispensable to the 
main activity. Shamanism also has general stability. 
“Its secondary features such as the particular spirits 
and powers, ritual equipment and behavior patterns, 
are more variable.” 

Both of these studies represent careful detailed work 
and form valuable additions to cultural investigations 
on Indian tribes in or near the Great Basin. 



Scientific Aspects of the Race Problem. 

By E. S. Jennings y Charles A. Berger y Dorn Thomas 
Verner Moorey Alel Hrdlilkay Robert H. LowiCy and 
Otto Klineberg. With a Preface by His Excellency 
Bishop Joseph W. Corrigan. The Catholic Uni- 
versity of America Press y Washington, D. C. Long- 
mans, Green and Co., London, New York, and 
Toronto. $3.00. 8i x 31; ix -f 302; 1941. 

To date it has been unavailing for students of an- 
thropology, sociology, etc. to point out the fallacies of 
the pronouncements on race superiority or inferiority. 
The general public is willing to concede that the others 
are not superior to us, but no one will accept the 
verdict that we are not superior to the others. The 
latest attempt to present an objective discussion of the 
race question is constituted by this book. Although 
it is interesting and contains the writings of eminent 
men, its effectiveness to influence public opinion must 
be doubted. One reason is that, with but two excep- 
tions, none of the authors actually deals directly with 
the main theme. Jennings provides an excellent sum- 
mary of genetics, Berger discusses briefly the inherit- 
ance of psychological traits, Moore presents a learned 
survey of animal psychology investigations, Hrdli^ka 
outlines a classification of races, but only Lowie and 
Klineberg occupy themselves with the variation of 
certain traits among racial or national groups. Lowie 
examines and compares the cultural achievements and 
moral conduct of certain primitive groups, while 
Klineberg considers critically the results of intelligence 
tests made on several national groups. All the articles 
are praiseworthy but the last two are the only ones 
which seem pertinent to the theme of the s3m)posium. 



The Colour Bar in East .\frica. 

By Norman Leys. The Hogarth Press, London. 
7s. 6d. 8i X 5i; 160; 1941. 

That the Nazis are not the only offenders in the appli- 
cation of the philosophy of racial superiority in favor 
of their own people is well brought out in this book. 
It traces the history of the settlement of British East 
Africa, especially the two Rhodesias and Kenya, and 
the development of laws regulating property owner- 
ship, labor, taxation, and education. In the author’s 
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opinion the domination of the British minority is 
founded on the laws and regulations which tend to 
discriminate against the African. These regulations 
limit the independent economic opportunities of the 
natives and at the same time give educational, social, 
and political privileges to the white minority. 

This disparity [in educational opportunities] is de- 
fended on the ground of prestige, because at all cost 
the rise of a cla^ of “poor whites” must be prevented. 
That means that a secure position in the n^g caste 
must be found for the stupidest of European 
descent, but no place above the servile for the most 
gifted African. 

Ley reinforces his arguments by a generous use of 
references and citations on the effects of the “colour 
bar” in the conduct of agricultural and mining indus- 
tries and on the daily lives of the people. This is a 
thought-provoking treatise, whether or not the reader 
will agree with the author’s viewpoint and suggestions 
for a solution of the problem. 



^ Eskimoland Speaks. 

By WiUiam B. Van Valin. The Caxton PrinUrSf 

CaldweU, Idaho. $3.50. 9 x 5J; 242; mi. 

In his seven years of missionary and educational work 
in Alaska, the author of this fascinating volume ab- 
sorbed much of the psychology, industry, and humanity 
of the Eskimos. Of no less interest to him was the 
beauty of the barren arctic wastes, the colorful pan- 
orama of the midnight sun, and the magnificent eeriness 
of the aurora borealis. 

As with all other white visitors, explorers, or mis- 
sionaries in the arctic, the writer is left amazed as well 
as awe inspired at the success with which life in the 
arctic (both human and infra-human) wrings from the 
brutal grasp of eternal winter the necessities for its 
sustenance. The Eskimos’ ability to survive in such 
an adverse environment combines the keenness of the 
modem scientist, the foresight of the successful 
economist, and the stamina of the well-trained athlete. 

For those interested in polar life, this book will 
prove as thrilling as it is informative. 

^ The Social Relations op Science. 

By J. G. Cfowther. The Macmillan Company, 

New York, $3.50. 8| x 5i; xiii + 665; 1941. 

This book is an ambitious undertaking in which the 
author attempts to survey the scientific activities of 
man in prehistoric, Clascal, medieval, and modem 
times, in order to discover what social conditions are 
essential for the birth and growth of science. Science 
Is regarded as a social product and the present-day 
need for an effective social policy for science is stressed. 


The material of the first two thirds of the book is es- 
sentially a descriptive historical formulation abng 
conventional lines, with emphasis on the interde- 
pendence of social and scientific development The 
last third of the book is devoted to a description of the 
distribution of present-day research facilities and a 
discussion of the social responsibilities of scientists. 
The style is somewhat didactic throughout. References 
are given at the end of each chapter and there is an 
index. 



East Africa. 

By Elspelh Huxley. WiUiam CoUins, London, 

3s. 6d. 8ix6i;48;1941. 

This little volume by one who has had a long first- 
hand knowledge of East Africa makes interesting 
reading. It belongs in The British Commonwealth 
Series, a group of books designed to contribute to a 
better understanding of Great Britian and the British 
Commonwealth. The 12 colored plates of scenic 
views and 17 black and white illustrations of native 
life are well done, considering the low cost of the book. 
In the text Mrs. Huxley gives a clear picture of the 
many contrasting races to be found in this great region 
under British rule, where there are such wide diver- 
gences in religion, custom, and tradition, outlines the 
problems which the British Government has had to 
face in governing these people, and the manner in 
which these problems are being solved. Those familiar 
with the author’s White Man^s Country will regret 
that the volume is so brief. 



The Study of Man. University of Pennsylvania 
Bicentennial Conference, M-B. 

By Lawrence J. Henderson. University of Pennsyl- 
vania Press, Philadelphia, 25 cents. 9x6; 22; 
1941 (paper). 



ZOOLOGY 


Bibuoorafhu Psimatologica; A Classified Bibliog- 
raphy of Primates Other Than Man, Part I, Anatomy, 
Embryology and Quantitative Morphology; Physiology, 
Pharmacology and Psychobiology; Primate Phytogeny 
and Miscellanea. 

By Theodore C, Ruch, With an Introduction by John 
F, Fulton, Charles C Thomas, Springfield, Illinois, 
$8.50. 10}x7|;zxvii + 241;1941. 

Serious scientific study of man’s nearest animal re- 
lations, the lemurs, monkeys, and apes, has for a long 
time been sadly neglected. In the last few decades, 
however, rapid progress has been made, resulting in 
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the young and promising science of primatology. The 
accumulated Imowledge in this important speciality 
is represented by the 4630 titles of morphological and 
physiological papers which have been painstakingly 
collected and classified in the present volume. A 
futurei second part of this monographic bibliography 
will deal with pathological and taxonomic studies on 
primates. 

In many branches of modem biology and medicine our 
simian cousins are rapidly replacing laboratory rodents 
and carnivores as experimental animals, a fact that is 
directly responsible for a large share in the tremendous 
recent increase in primatological literature. 

This scholarly bibliography is indispensable to all 
newcomers in primatology and will be particularly 
helpful in preventing repetition of work that has al- 
ready been accomplished. The author has faithfully 
indicated \mder each title precisely which species of 
primates has been dealt with. This alone should tend 
to eradicate that still prevalent and harmful habit, 
chiefly of medical writers, in stating: fhe monkey 

I found such and such a condition.” With some 600 
different species of recent primates and with at times 
far greater differences between some monkeys and 
others than between some and man, it is utterly useless 
to record any observation on ”a monkey” without 
giving species, sex, and age. 

The carefully considered and detailed subdivisions 
of this bibliography are grouped under the major head- 
ings of anatomy, embryology, quantitative morphology, 
physiology, pharmacology, psychobiology, pAylogeny, 
and “miscellaneous”. Biology and medicine have 
been rendered a great service with this unique, practical, 
and excellently printed volume which forms a very 
essential pSLTi of a safe foundation on which to build 
in the future. 

A Field Guide to Western Birds. 

By Roger T. Peterson. Houghton Mifflin Company^ 

Boston. $2.75. 7i x 4|; xviii + 240; 1941. 

Most bird students already know Peterson’s Field 
Guide to the Birds. The present volume is its counter- 
part for the western bir^. Like its predecessor the 
object of the book is to enable the student to make 
field identifications of the birds by characteristic 
color patterns known as “field marks”. To this end, 
the field marks are given emphasis in the illustrations. 
One must possess some knowledge as to the families of 
birds, but after this has been mastered, the descriptions 
point out the essential features for the identification 
of the species. 

Practically all species considered are illustrated, 
in part or in whole, either in black or white, or in color 
whenever the latter is more important than pattern 
for identification. The descriptions are further en- 


hanced by the inclusion of ranges of the species and 
the song of the bird whenever this feature is helpful, 
as in some of the flycatchers. It is to be regretted 
that the plates in many cases are not to be found close 
to the textual material. For instance, the plate of 
flycatchers is among the woodpecker descriptions and 
vice versa. Western fauna is very diversified and the 
number of geographic races is greater than in the East 
The writer was hard put to meet this obstacle, but 
finally decided to list these forms in an appendix. 
In the few cases that the races can be separated in the 
field, the distinguishing characters are given in the text. 

There is no doubt that this handy pocket (overcoat 
size) guide will find as enthusiastic welcome in the 
West as the former book did in the East. Both to- 
gether will identify birds anywhere in the United States. 



Animal Biology. Third Edition. 

By Michael F. Guyer. Harper and Brothers, New 

York and London. $3.75. x 6; xix -f- 723; 

1941. 

This text has been one of the leaders in its field for a 
decade. The new edition (cf. Q. R. B., Vol. 7, p. 361 
and Vol. 12, p. 472 for mention of earlier editions) 
involves a number of changes designed to increase its 
usefulness. Numerous sections of the book have been 
rewritten, some condensed, and others expanded. New 
material presented includes a very important chapter 
on ecology, which provides the student with a concise 
review of the field, an account of the life and structure 
of planarians, a discussion of ameboid locomotion, 
and reviews of recent experimental w'ork, especially 
that on “mating types” in Paramecium. In addition, 
the section on birds has been rew'ritten, and the classi- 
fication of mammals reorganized. A number of new 
illustrations have been added. The author presents 
the principles of biology in such a w^ay as to retain the 
value of the usual “types” course, but the emphasis is 
upon fundamental concepts underlying all life phe- 
nomena. The well-chosen, dearly-labelled illustrations 
are a feature of the book. The volume is conduded 
with a list of reference books, a glossary, and a com- 
plete index. 



Return to the River: A Story of the Chinook Run. 

By Roderick L. Haig-Brown. Illustrations by Charles 
DeFeo. William Morrow and Company, New York. 
$3.00. Limited edition, autographed by author 
and illustrator, $10.00. 8i x 5}; 248; 1941. 

This is the fascinating story of Spring, a Chinook 
salmon. It tells of her birth, her travels from the 
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Grand Coulee region to Puget Sound and the Padfic 
waters beyond, and her return at the age of five years 
to spawn and die in the same stream where she was 
bom. Haig-Brown, a British-Canadian ichthyologist 
and author of the sourcebook The Western Angler 
tells the story of the life-cycle of the salmon in the 
vein of a novel, but without deviating from facts. 
The reflections of the old Senator, who was a witness 
of Spring’s birth and death, offer sidelights on the 
salmon industry and on the use and misuse of natural 
resources, and conjectures on the possible effects of the 
completion of the Columbia River dam projects on 
the survival of the salmon in the Northwest. The 
illustrations by Charles DeFeo are unusually fine and 
a fitting accompaniment to the narrative. 



Watching Birds. 

By James Fisher. Penguin BookSf Harmondsworth, 

Middlesex^ England; Penguin Books ^ Inc.y New York. 

25 cents. 7i x 4i ; 192 ; 1940 (paper) . 

A bird’s eye view of the field of ornithology, its prob- 
lems, and its methods of study are contained in this 
little book. After introductory chapters to the class 
Aves, there foDow chapters on migration, on the num- 
bers of birds, their habitats, their territory and breeding 
cycles, and their behavior. Although it would be 
impossible to treat all these subjects thoroughly in 
such a small amount of space, the review has been 
ably presented for the beginner. Since the writer 
is British most of the examples are taken from British 
birds, but the principles are the same for birds of any 
area. 



Insects and Their Stories. 

By Harry Hoogstraal. With Camera Studies by 

Melvin Martinson and Drawings by Carl O. Mohr. 

Thomas Y. Crowell Company y New York. $2.00. 

7J X 9i; 144; 1941. 

In this fascinating little volume are recorded, in lan- 
guage understandable to the high school freshman, 
the stories of some 50 of our common house, garden, 
and forest insects. The stories include observations on 
the everyday activities, the favorite haunts, the 
methods of resisting natural forces, and the methods 
of replenishing the races of both land and acquatic 
fonztt. 

The excellent photographic work of Martinson adds 
considerably to the interest and value of the book for 
budding naturalists. The volume is well indexed. 
An additional index and guide to the recognition of 
insects, arranged according to orders, is provided. 


Butterfliss. a Handbook of the Butterflies of the 
United StateSy Complete for the Region North of the 
Potomac and Ohio Rivers and East of the Dakotas. 

By Ralph W. Macy and Harold H. Shepard. The 

University of Minnesota Pressy Minneapolis. $3.00. 

9 X 6; vii + 247; 1941. 

The fact that no key to the Lepidoptera of the north- 
eastern United States has appeared since 1889 is 
ample reason for the preparation of this excellent 
work. In addition to the key to 162 species of Lepidop- 
tera, the present treatise includes many interesting 
details relating to the natural history, distribution, 
and economic importance of many of our northeastern 
forms. The volume is beautifully illustrated with both 
monochrome and dichrome photographs. The de- 
scription of each species begins with a list of 
publications relating particularly to that species. 
A complete index is appended. 



Studies on Gregarina blattarum with Particular 
Reference to the Chromosome Cycle. Illinois 
Biological Monographs y Volume XV lily Number 2. 

By Victor Sprague. The University of Illinois Press, 
Urbana, Illinois. $1.00. lOi x 7; 144 -f- 6 plates; 
1941 (paper). 

The present investigation deals principally with the 
period that involves syngamy and the meiotic phenom- 
ena of this most common and widely known of the 
Sporozoa. It also includes an account of the process 
of encystment and the development of the cyst. Five 
excellent plates and several figures elucidate the text. 



Studies of the Neotropical Colubrinae. VIII. 
A Revision of the Genus Dryadophis Stuart, 1939. 
Miscellaneous Publications, Museum of Zoology, Uni- 
versity of Michigan, No. 49. 

By L. C. Stuart. University of Michigan Press, 
Ann Arbor. $1.15. 10 x 6|; 106-1-4 plates; 
1941 (paper). 

A Contribution to the Knowledge of Variation 
IN Opheodrys vernalis (Harlan), with the De- 
scription of a New Subspecies. Miscellaneous Publica- 
tions , Museum of Zoology, University of Michigan, 
No. 50. 

By Arnold B. Grobman. University of Michigan 
Press, Ann Arbor. 35 cents. 10 x 6J; 38; 1941 
(paper). 

University of California Publications in T^ology. 
Vol. 43, No. 14. Studies of Some Amoebae from a 
Termite of the Genus Cubitermes, by Joseph C. Hen- 
derson. 

University of California Press, Berkeley. 25 cents. 
lOJ X 6}; 13 -h 3 plates; 1941 (paper). 

University of California Publications in Zoology. 
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VoL 45, No. 1. Demcovinid FlageUates of Termites. 
I. The Genus Devescovina, by Harold Elirby. 

University of California Press, Berkeley. $1.25. 
101 X 6|; 71+9 plates; 1941 (paper). 

Index Catalogue of Medical and Veterinary 
Zoology. Part 5. Authors: E to FYNNEY. U. S. 
Department of Agriculture. 

By Albert EassaU, Mildred A. Doss, Ruth M. Taylor, 
Gertrude B. Carson, and Dorothy B. Segal. Govern- 
ment Printing Office, Washington. 45 cents. 91 x 
5i; 1177-1458; 1941 (paper). 



BOTANY 

Flowers and Flowering Plants. An Introduction 
to the Nature and Work of Flowers and the Classification 
of Flowering Plants. Second Edition. 

By Raymond J. Pool. McGraw-Hill Book Co., 

New York and London. $3.50. 9x5}; xxiii + 428; 

1941. 

The merited success of the first edition of this excellent 
text over the past twelve years has resulted in the 
issue of a second edition. 

The basic principle on which the entire book rests is 
the recognition of the plant as a living, working mech- 
anism. The work deals almost entirely with the 
taxonomic aspect of botany, and in line \\ith this, 
emphasizes the family as the important unit in classifi- 
cation. The formula method in depicting the promi- 
nent floral features of the various families in the master 
chart (to which the key constantly refers) is known as 
the Besseyan system, and was originated by the author's 
former professor, the late Charles Edwin Bessey. 
While the main features of the present edition follow 
closely those of the earlier work, the present does 
include several notable changes. An entirely new’ 
chapter on the vegetative characteristics of flowering 
plants has been added, and changes throughout the 
text have been made to include the recent work in 
plant taxonomy. 

The text and key are well supplied with charts 
and illustrative material, both graphic and photo- 
graphic. Several concluding chapters deal with the 
history of plant taxonomy, and the collecting, preserv- 
ing, and mounting of herbarium specimens. A final 
chapter of reference books, monographs, manuals, 
and floras, a glossary, and an index conclude the 
volume. 



The Redwoods of Coast and Sierra. Second 
Edition (Revised), 

By James Clifford Shirley. University of California 
Press, Berkeley. $1.25. 9i x 6i; 84; 1940 (board). 


The first edition of this work appeared in 1937 (cf. 
Q. R. B., Vol. 12, p. 115). The revision does not 
markedly differ from the earlier version. It suffers 
from a peculiar diffuseness of style, so that there is a 
good deal of repetition. Also, since the first edition 
appeared, the claim of the Sequoias to be the oldest 
living things has been seriously challenged twice by 
organisms of much humbler appearance — the cycads 
of New Zealand and certain single-celled plants ob- 
tained from the interior of rocks of geological age. 
Both of these seem to be entitled to the same serious 
consideration that the author gives to certain other 
long-lived plants that are not especially closely re- 
lated to the redwoods. Also, the claim to have the 
greatest diameter of any tree in the world has been 
made on behalf of the chestnut “Tree of One Hundred 
Horses” near Catania, which is associated with Napo- 
leon Bonaparte. And in 1909 the National Geographic 
Magazine published a photograph of a Eucalyptus 
with a diameter of 67 feet, and another still larger. 
Exaggerated statements as to the height of Australian 
eucalyptus trees may be safely discounted, but it is 
difficult to explain aw^ay a photograph. The reader 
of the work now’ under discussion is likely to be disap- 
pointed by the absence of any reference to these trees. 

Of course, in a book as brief as this one it is obviously 
impossible to include enough material to satisfy all 
readers. The author has assembled a great deal of 
information not readily available elsew’here, and his 
product is worthy of all the praise bestow’ed upon it in 
these columns w’hen the first edition appeared. 



Textbook of Bacteriology. Tkirleenth Edition, Re- 
vised. 

By Edwin O. Jordan and William Burrows. W. B. 

Saunders Company, Philadelphia and London. 

$6.00. 9ix5i;xu + 731; 1941. 

The success of the earlier editions of this standard 
textbook have established its worth in the scientific 
field. The present volume is, with minor exceptions 
completely rewritten and is constructed upon a some- 
what different basis than its predecessors. The most 
obvious manifestation of this change is the elimination 
of chapters devoted to the highly specialized applied 
fields, such as soil, industrial and dairy bacteriology, 
and the incorporation of parts of these, together wdth 
other old and much new material, in a lengthy chapter 
on bacterial physiology. The relation of bacteria to 
disease is also considered in its broad aspects. The 
subject of immunity has been completely reorganized 
and is considered in two chapters, the first of which 
discusses antigens and related material, while the 
second is devoted to specific resistance to infectious 
disease. Some of the new material in this edition 
includes sections on dental caries, the non-sponilatmg 
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anaerobic bacilli, the pleuropneumonia-like organisms, 
the Rickettsiae, and graphical representation of the 
secular prevalence and seasonal incidence of the more 
important infectious diseases. The illustrations are 
well chosen and extremely well reproduced. The 
book has been carefully and extensively documented 
and a total of over 1400 references are given as foot- 
notes throughout the volume. A complete index 
concludes this excellent college and medical school text. 



Modern Fruit Production. 

By Joseph Harvey Gourley and Freeman Smith 

Bowlett, The Macmillan Company^ New York, 

$4.50. 9ix6i;vii + 579; 1941. 

Since orcharding and fruit culture are assuming ever 
greater importance in American agriculture, it is not 
strange to find an increase in the number of good texts 
dealing with the technique and economic importance 
of fruit growing. 

After an introductory chapter on the economic 
aspects of the fruit industry, the present text leads into 
a discussion of the fundamentals of physiology, mor- 
phology, soils, and chemistry as related to fruit plants 
and their ability to yield products of fine quantity and 
quality. Such broad topics as orchard sites and soils, 
the planning and setting of orchards, fertilizers and 
manures, pnming and propagation, harvesting, storing 
and marketing of fruits are discussed in considerable 
detail, yet free from the technical language which 
usually limits the use of good texts to the professional 
man only. An extremely fascinating and informative 
chapter on the origin and improvement of fruits has 
been included. 

Each chapter lists the literature cited in that chapter, 
and the volume is concluded by a 12-page detailed 
index. The work will be of exceptional value in the 
hands of students of horticulture as well as orchardists. 



Principles of Microbiology. 

By Francis E. Colien and Ethel J. Odegard, The 
C. V. Moshy Company , St. Louis, $3.00. 8} x 5}; 
444; 1941. 

This fine text fully justifies its boast of presenting 
something new in the field of microbiology. After 
a preliminary discussion of the history, the important 
men, materials, and techniques of bacteriology, the 
important pathogenes are discussed from the point of 
view of what they do, rather than what they are. 
Emphasis throughout the volume is placed on the 
importance of bacteriology in nursing and disease 
{Hvvendon, rather than as a subject for specialization. 
In con8equenf:e, the work will find wider use in the 
hands of student nurses, medical students, and public 


health workers, than in those of the specialized bacteriol- 
ogist. 

The text is well supplied with tables, charts, and 
photographic illustrations (both monochrome and 
dichrome). A short list of references is appended to 
each chapter. A catalogue of the methods of preparing 
the various culture media, a suggested laboratory 
program including 21 units of work, a glossary, and a 
complete index conclude the volume. The excellence 
of the text is still further enhanced by the use of the 
new eye-tone paper. 



The Plant World. A Text in College Botany, 

By Harry J, Fuller, Henry Holt and Company^ 
New York. $3.25. 8i x Si; xi -f- 592; 1941. 

The author has prepared this college text primarily for 
use by students who are registered in elementary 
botany courses but who do not intend to continue with 
advanced work. The author believes that the primary 
objective of such a course, designed for cultural and 
general educational purposes should be the presenta- 
tion of the fundamental features of the structure, 
ph 3 rsiological activities, and reproduction of flowering 
plants. The textual material is divided into four main 
parts: the nature of plants and of plant study; the 
structure and ph 3 rsiology of flowering plants; a general 
discussion of the plant kingdom, including a very 
interesting and instructive presentation of plant 
diseases; and, finally, the distribution of plants in time 
and space. A summary is placed at the end of each 
chapter. The excellent illustrations and colored 
plates are a distinguishing characteristic of the volume. 
The appendix contains a modem classification of the 
plant kingdom, a complete glossary, and an index. 



Pruning Trees and Shrubs. 

By Ephraim P, Felt. Orange Judd Publishing Co,, 

New York. $2.00. 7} x 5; 237; 1941. 

Felt, Director and Chief Entomologist of the Bartlett 
Tree Research Laboratories, presents in this book the 
conclusions of years of research and practical experience 
in the art of pruning trees and shrubs. Working m 
conformity to the laws of nature, trees and shrubs are 
adapted by pnming in such a way as to best serve the 
diverse human needs of present-day living. In clear, 
non-technical language the author gives the principles 
of pruning not only shade trees, but fruit trees, nut 
trees, flowering shrubs and hedges, woody vines, and 
small fruits, as well. Ninety-three illustrations serve 
to clarify the text. All through the book the impor- 
tance of training the tree while young in the way it 
should grow, is stressed. 
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A Revision ov Melanconis^ Pseudovalsa, Pros* 
THEOUM, AND Titania. UniversUy of Michigan 
Studies: Scientific Series, Volume XIV, 

By Lewis E, Wekmeyer, UniversUy of Michigan 
PresSi Ann Arbor, $2.50. 9i x 6; viii -f 161; 
1941. 

This is a taxonomic study of the genera of fungi given 
in the above title. For the specialist only. 



CoNTRiBunoNS DE l’Institut Botanique de l’Uni- 
VERSnl DE MoNTsiAL, No, 32, Contains the following 
articles: Sur deux formes nauveUes de Micrasteriasy by 
Jides Brunei; Les prothaUes de Lycopodes dans le 
QuibeCy by Roger Gauthier and RoUand Dumais; Notes 
fioristiques sur Vest de la NouveUe-Bcossty by Jacques 
Rousseau, 

InstUut Botanique de VUniversiti de Montrialy 
Montrial. 25 cents. 9 x 6; 62; 1938 (paper). 
Bibuografhie DBS Travaux Botaniques Contenus 
dans les *^Mim(nres et Comptes rendus de la Sociiti 
Royale du Canada*\ de 1882 d 1936 inclusivement. 
Contributions de Vlf^tUut Botanique de VUniversUi de 
Montrialy No. 33. 

By Jacques RousseaUy Marceile Gauvreauy and Claire 
Morin. InstUut Botanique de VUniversUi de Mon- 
trial. 50 cents. 9 x 6; 117; 1939 (paper). 

La Florule de la Grosse-Ile. Contributions de 
VInstUut Botanique de VUniversUi de Montrialy No. 34. 
By Frere Marie-Victorin and Reni MeiUeur, In- 
stUut Botanique de VUniversiti de Montrialy Mon- 
trial. 25 cents. 9x6; 20; 1940 (paper). 

Histoire de la Nomenclature de l*Acer Sac- 
charophorum K. Koch (A. saccharum Marshall) 
Depuis 1753. Contributions de VInstUut Botanique 
de VUniversUi de Montrialy No. 35. 

By Jacques Rousseau. InstUut Botanique de VUni- 
versUi de Montrialy Mofitrial, 50 cents. 9x6; 
66; 1940 (paper). 

Nouvelles ENTrrts de la Flore Phan^rogaicque 
DU Canada Oriental. Contributions de VInstUut 
Botanique de VUniversiti de Montrialy No. 36. 

By Frire Marie-Victorin and Jacques Rousseau. 
InstUut Botanique de VUniversiti de Montrialy 
Montrial. 50 cents. 9x6; 74; 1940 (paper). 



MORPHOLOGY 

Optical Activity and Living Matter. 

By G. F. Gause. BiodynamicOy Normandyy Mis- 
soun. $2.75. 9J x 6i; 162; 1941. 

This work is a discussion of asymmetry and dyssym- 
metry. By definition the first of these terms is made 
to apply to the arrangement of molecules in a structure, 
and the other to the arrangement of atoms in a mole- 


cule. Such structures can not be superimposed on 
their mirror images, to which they bear a heterostro- 
phic relation. The author’s thesis is that in inert sub- 
stances either form of a heterostrophic pair can occur 
about as often as the other, but that in living organisms 
one form will alwa3rs displace the other. This is 
reminiscent of a doctrine promulgated sometime ago, 
that if two species occupy the same niche in the en- 
vironment one of them will disappear. The theory 
seems borne out by the author’s own experiments, but 
his bibliography of 21 pages covering over a centuiy of 
investigation makes no mention of the pioneer work 
of Gulick on the Achatinellidae which have a different 
story to tell. Also, it contains only one item from the 
publications of Boycott, Diver, and their satellites 
on inverse symmetry. 

The work is stimulating, but much more experi- 
mentation b needed before the theory can meet with 
universal acceptance. 



Fundamentals of Comparative Embryology of 
THE Vertebrates. 

By Alfred F. Hueitner. The MacmiUian Company, 
New York. $4.50. 9i x 6; xiv -f 416; 1941. 

It is obvious that the present volume b the product of 
long years of teaching experience. The clearness and 
order of the exposition are evidence of it. But, in 
addition, the author has for the major part provided 
original illustrations that actually reproduce the ob- 
jects seen and do not require, as b often the case, a 
tremendous effort of cerebration and a vivid imagina- 
tion. The subject matter b contained m 19 chapters 
of which the first four are devoted to an introduction to 
the subject, hbtory of embryology, cell structure, and 
reproduction. A fifth chapter deab briefly with 
amphioxus. Chapters 6 to 8 describe the embryology 
of the frog, and chapters 9 to 15 that of the chick. 
These descriptions are accurate, detailed, and expressed 
with remarkable simplicity of style and language. 
The final chapters deal with mammab and man. There 
is an index but no Ibt of references. Except for thb 
omission, the present textbook satbfies the most 
exacting requirements. It will imdoubtedly prove 
very popubr for college courses. 

Cytology, Genetics, and Evolution. UniversUy 
of Pennsylvania Bicentennial Conference. 

By M. DemereCy Charles W. Metz, Frans Schrader^ 
Albert F. Blakeslee, Th. Dobzhanskyy Clarence JS. 
McClungy Herbert S. Jennings, WUliam F. DiUer^ 
T, M. Sonnebom, Leon Chumey, William R. Duryee, 
Paul S, Henshaw. UniversUy of Pennsyivania 
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Presst Philadelphia, $2.00. 9 z 6; v + 168; 

1941. 

This is a collection of papers by twelve of the most 
eminent biologists of the country. The topics covered 
concern a variety of approaches, techniques, and 
problems but all referring to the elements of the cell, 
their properties, and behavior. Space is not available 
to review the papers in detail but it is to be remarked 
that few symposia have produced such an aggregate 
of stimulating articles as we have here. One does not 
find the dull reexamination of well-known past ac- 
complishments nor the repetition of textbook state- 
ments. The investigators represented are probing 
deeper into the fundamentals of biology and the student 
can find no more illuminating record of the advances 
being made or hoped for than the summary presented 
in this volume. 



Human Anatomy and Physiology. 

By Nellie D. Millard and Barry G. King. W. B. 
Saunders Company y Philadelphia. $3.00. 7| x 5i; 
vii + 525; 1941. 

This book has been prepared for the use of nurses and 
certainly seems to be satisfactory for the purpose. 
Of course, it is elementary and this is particularly 
noticeable with reference to the style in which it is 
written. The exposition of the subject matter follows 
a rather novel style which deserves to be remarked. 
A functional approach has been employed. The 
description of each organ or organ-system is introduced 
by a discussion of its general functions, then the 
morphology, and finally the physiology of the structure 
is dealt with. Thus, the skeletal muscles are described 
as muscles which move “apart”, for example, the 
femur, and they are arranged in opposing groups; 
flexors and extensors, adductors and abductors, instead 
of the usual grouping of muscles of the thigh. Many of 
the iUustrations are original and commendable. 

The Plagiostome Hypophysis, General Morphology 
and Types of Structure, 

By Harry W, Norris. Obtainable from the Author , 
GrinneUy Iowa. 50 cents (paper); $1.00 (cloth). 
10 X 6i; 91; 1941. 

The hypophysis of the plagiostome fishes (herein to 
include all elasmobranch fishes except the Holocephali) 
has been investigated in this anatomical study. On 
the basis of 51 genera the writer concludes that the 
plagiostome hypophysis has no exact detailed homo- 
logoe mother vertebrates. The lobesof the plagiostome 
hypoph 3 r 8 is, however varied in size, shape, and situation, 
or in attachments and other relations to brain, saccus 
vasculosus, and cranial walls, always conform to the 


definite plagiostome hypoph 3 rsial t 3 rpe. The anterior 
and interior lobes vary but little from species to species, 
but the ventral is highly variable in many ways. 



Cytolooical Observations on Endamoeba blattae. 
Illinois Biological Monographs y Volume XVII y Num- 
ber 4. 

By Paul A. Meglitsch. The University of Illinois 

Pressy Urbana. $1.00. 10| x 6}; 147; 1940 (paper). 
In this study on Endamoebe blattae 

a comparison of the results proceeding from the use of 
basic dyes and the Feulgen reaction were made in 
order to determine the relationship of basophilic ma- 
terial to nucleic acids, as demonstrated by the Feulgen 
reaction, throughout the life cycle up to the formation 
of the mature cyst, ... As a result of the study, in 
addition to details of nuclear division during the 
trophic and cystic stages, it has been possible to ob- 
serve a cyclical variation in the quantity and distribu- 
tion of nucleic acid, as determined by the Feulgen 
test, correlated with the processes of nuclear division 
and encystment. Several unusual relationships be- 
tween the basophilic material and the nucleic acid- 
containing material have also been observed. 

Eight fine plates (91 figures) and a bibliography con- 
clude this careful study. 

The Principal Nervous Pathways: Neurological 
Charts and Schemas with Explanatory Notes. Second 
Edition. 

By Andrew Theodore Rasmussen. The Macmillan 

Company y New York, $2.50. 11 x 81; ix + 73; 

1941. 

In this second edition of very useful charts of the 
principal pathways of the nervous system the author 
has included well-established alterations which in- 
vestigative work in the field since 1932, the year of the 
first edition, has contributed. No basic changes in 
organization of the material or in the form of the charts 
have been made. The book should continue to prove 
helpful particularly to medical students. 



PHYSIOLOGY AND PATHOLOGY 

Native African MsDiaNE with Special Reference to 
Us Practice in the Mano Tribe of Liberia. 

By George Way Harley. Harvard UniversUy Press, 
CambridgCy Massachusetts, $3.00. 9i x 6; xvi + 
294; 1941. 

The author of this work was for many years a medical 
missionary in Liberia. The training which he received 
at the Kennedy School gave him an appreciative at- 
titude toward native culture, and a desire to study the 
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medical practices of the natives from the standpoint of 
the student of folk-lore, as well as from that of the 
physician. The present volume is largely the result 
of his own observations among the medicine men of the 
Mano tribe, but it also contains a great deal of in- 
formation about native medical practices throughout 
Africa, which he acquired from the leading libraries of 
London during a year of sick leave. While in London 
he and his wife studied botany, and after returning 
to Liberia they assembled a herbarium of over 1000 
species, of which more than 100 have definite thera- 
peutic value. 

The ability of the medicine men to recognize different 
kinds of diseases is remarkable, and although they know 
nothing of the functions of the organs in the human 
body, in a particular case they can generally locate 
with uncanny accuracy the organ that is ailing. Each 
illness has its own method of treatment, in which 
internal medicine, external applications, massage, 
exercise, and magical incantation play their part. 
The latter may be the result of superstition but more 
often it is for the purpose of distracting the attention of 
onlookers, so that the real treatment and specific 
medicine may remain the secret of the medicine man. 
That some of the drugs used are really efficacious the 
author does not doubt; he cites authentic instances of 
successful treatment by native witch doctors of cases 
which the white physicians had abandoned as hopeless. 

The knowledge of the correct treatment of specific 
diseases seems to have been acquired originally by the 
trial and error method, but today it is learned by joining 
one of the two great secret societies of Liberia — the 
Poro for men and the Sande for women. The initiation 
into these societies is laborious, painful, and expensive. 
Having paid the price for entry the “zo” cannot afford 
to let the general public in on his means of gaining a 
livelihood. To retain the respect and confidence of 
his clientele, elaborate ritual and even fraud are 
employed. The author describes treatments, some of 
them successful, which nevertheless were largely cere- 
monial. To draw the line between legitimate medicine 
and ceremonial magic is impossible. The two must 
be studied together. The ceremonial never injures 
the patient and the medicine may help, but the use of 
the blacksmith’s tongs to restore a dislocated jaw bone 
seems slightly drastic. 

An appendix lists over 200 plants believed by the 
natives to be medically useful. In transliterating the 
native names the author has had recourse to letters 
and diacritical marks that do not occur in the English 
alphabet, and the reader who finds himself confronted 
by these strange symbols is likely to regret that there 
is no explanation of their meaning given. Such would 
improve the book, as would also a few more photographs 
similar to the lonely frontispiece. There is an index 
of 16 pages and a bibliography of 7 pages. 


School Health Services. A Study of the Programs 
Developed by the Health Department in Six Tennessee 
Counties. 

By Frank Walker and Carolina R. Randolph. The 

Commonwealth Fund, New York, $1.50. 9 x 51; 

xi -f 172 -f 35 tables; 1941. 

For years school children all over the country have been 
receiving physical examinations of one sort or other, 
but only in a few places have any attempts been made 
to set up the organization for corrective work. In view 
of the findings of the selective service examinations the 
question arises as to the value of school health programs. 
This monograph provides a bit of information on the 
point. In Tennessee it is required that school children 
be examined every tw’o years and apparently in some 
instances provision has also been made for corrective 
work — although what the actual arrangements are is 
not clear from this report. The authors have ex- 
amined the records of six selected counties to evaluate 
the effects of the program from 1930 to 1936. The 
main findings appear to be that twelve-year-old children 
in 1936 have less decayed teeth and diseased tonsils 
and better nutrition than the twelve-year-old children 
seen in 1930. Thus, it is assumed that some benefits 
have been obtained by the school health program 
even though with respect to visual defects no change in 
prevalence is noted. It is particularly significant 
to learn that only about 33 percent of dental defects, 
about 4 per cent of throat defects, and 12 per cent of 
visual defects are corrected after any examination, 
and that repeated examinations do not apparently 
increase the frequency of correction. Unfortunately, 
the data on which the report is based are defective in 
many respects and, therefore, the value of the findings 
is considerably limited. 



Verhandlungen der Deutschen Gesellschaft 
F l^R Kreislaufforschung. XIII. Tagung zu Wies- 
baden vom 6. Mai 1940. Hauptthema: Kreislauf und 
Atmung, 

Edited by Eb. Koch. Theodor SieinkopJ, Dresden 
and Leipzig. RM. 10 (in Germany); RM. 7.50 
(outside of Germany). 9J x 5J; xxxii + 182; 
1940 (paper). 

References, contributions, and speeches of the German 
Society for Circulatory Research are embodied in this 
volume. The opening pages give a statement of the 
purpose of the association, the proceedings of the pre- 
vious meeting, and the opening report to the group. 
In all, there are twenty-two papers presented, with the 
principal discussions which followed each report 
The first gives a general review of studies on circulation 
and respiration, not as isolated works, but in an effort 
to combine the various aspects of the two functions 
into a unified whole. The second paper emphasizes 
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the clinical applications of studies on circulation and 
respiration, especially lung collapse therapy. The 
chemical control of the mutual interrelation between 
breathing and circulation is then discussed. Some of 
the more important of the remaining papers concern 
the clinical aspects of silicosis in its effects on cardiac 
insufficiency, the effect of anoxemia produced by high 
altitude flying or experimental low oxygen concentra- 
tion, lung ventilation and circulatory insufficiency 
in conjunction with certain related pathological con- 
ditions, experimental studies on circulatory collapse 
due to heart infarction, investigation of peripheral 
circulation by means of ultra red Hght, and electro- 
cardiographic studies among twins. Most of the 
papers contain very good photographs, diagrams, and 
bibliographies. The volume itself is concluded with an 
index of authors and subjects. 



Blutdsuckmessung und Kseislaxtf in den Artebien 
DES Menschen. Gesckichie und heutige Lage der 
ProUeme neue L^sungsversuche. 

By H enrich von Recklinghausen, Theodor Steinkopf, 

Dresden und Leipzig. RM. 30.00 (outside Germany). 

9i X 6i; XX 4- 532; 1940 (paper). 

The early pages of this volume discuss the historical 
development of methods used for the measiuement and 
recording of blood pressure and pulse curves. Dia- 
grams of the various t 3 rpes of apparatus are given and 
results of the observations are critically discussed. 
Particular attention is paid to the findings upon which 
the step-curves are built up. Two principal types 
are described in detail, the pulse amplitude step-curve 
and the pulse form step-curve. The author next takes 
up the mathematical and graphic analysis of the pulse 
wave and the d 3 mamics of arterial circulation, describ- 
ing at some length the alterations which occur in the 
various components of the wave as it progresses to 
different points along the arteries. The significance 
of these findings for the practical determination of 
blood pressures by direct and indirect methods, and 
also the application to certain clinical conditions is 
thoroughly treated. A fourteen-page summary covers 
the general information in the text, but proper under- 
standing of such details as the systolic and diastolic 
criteria can be obtained only by reference to the text 
itself. Several tables at the end of the volume outline 
the criteria used by various observers, summarize 
the mathematical formulae, and show in brief the 
principal hemodynamic prindpleB. There is an ade- 
quate bibliography and a good index. 



Faiixly Food Consumption and Dietary Levels. 
Five Regions* U. 5. Department of Agriculture, 


Miscellaneous Publication No* 405* Consumer Pur- 
chases Study. Farm Series* 

By Hazel K. Stiehding, Day Monroe, CaUie M*, 
Coons, Esther F. Phipard, and Faith Clark* Govern- 
ment Printing Office, Washington* 35 cents. 9i x 
5|; vi 4- 393; 1941 (paper). 

Family Expenditures for Housing and Household 
Operation. Five regions. U. S. Department of 
Agriculture, Miscellaneous Publication No. 432. Con- 
sumer Purchases Study. Urban and Village Series* 

By Hazel Kirk, Day Monroe, Kathryn Cronister, and 
Margaret Perry. Government Printing Office, Wash- 
ington. 25 cents. 9i x 5i; v 4- 244; 1941 (paper). 
The first of these publications presents information on 
the food of farm families at different income levels in 
the 66 counties surveyed. The relationships between 
income and family composition, consumption of differ- 
ent types of food, and nutritive value of farm family 
diets are some of the topics discussed. 

The second publication, dealing with expenditures 
for housing and household operation of families living 
in villages and small cities, but excluding relief groups, 
foreign-bom, one-person and broken families, and 
Negroes, except in the Southeast where they were 
studied as a separate population group, gives interesting 
comparisons between the patterns of the spending of 
home owners and of renters. Both volumes include 
the statistical data on which the studies were based. 



Fatal Partners: War and Disease. 

By Ralph H. Major. Doubleday, Doran and Com- 
pany, Nenv York. $3.50. 9 x 6; ix 4- 342; 1941. 
The course of history has often been profoundly 
changed by disease even more than by the outcome of 
wars. Some of the mightiest armies have fallen before 
typhoid, typhus, or bubonic plague, and have been 
scourged by scurvy. For the many centuries during 
which the sword and spear were the chief weapons and 
seige the established method of warfare, these diseases 
were the principal enemies of soldier and civilian alike. 
Later, progress in medical science largely eliminated 
the danger of such epidemics, and still more recent 
advances have almost banished malaria and yellow 
fever from the causes of fatalities. However, other 
grave medical problems have arisen consequent upon 
the use of explosives and mechanization of armies. 
Major tells a fascinating story of the companions in 
destmction, disease and war, from the days of the 
ancient Greeks to the present struggle. No war has 
been without some advance in medical knowledge, 
since wars serve as vast laboratories for testing dis- 
coveries made during times of peace. Although we 
still read of typhus in some of the armies of the present 
conflict, and of trench fever in air raid shelters, the 
principal problems concern shell shock and treatment of 
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infections. Thesei too, are yielding to advances in the 
study of psychiatry, to rapid ambulance service, and to 
chemical treatment. ‘‘The present war illustrates, 
more than any other war in the history of the world, 
that the science of saving life, as well as the science of 
de 8 tro 3 dng life, has made great progress.” 



Papers of Wade Hampton Frost, M.D. A Contribur 
Hon to Epidemiological Method. 

Edited by Kenneth F. Maxcy. The Commonwealth 

Fund, New York. $3.00. 9i x 6; viii -f 628; 1941. 
Wade Hampton Frost was a fine teacher and his pre- 
cepts have had a tremendous influence on the develop- 
ment of epidemiology in this country. His efforts were 
never directed towards the elaboration of theories, but, 
being what might be called a naturalist of crowd dis- 
eases, he stressed always the need for accurate observa- 
tions, simple and logical quantitative analysis, and 
above aU, clear thinking. These attributes are in evi- 
dence in all of Frost’s writings and particularly in the 
20 papers which Maxcy has brought together and briefly 
discusses. The articles are grouped into five sections. 
The first two include reports on field investigations in 
which Frost himself participated at the beginning of his 
career. The third section includes the pap)ers resulting 
from the studies on influenza and the common cold. 
The final two sections contain articles dealing in the 
main with the methodology of epidemiology. In a 
sense these are the most interesting inasmuch as they 
reveal Frost’s broad conception of public health prob- 
lems, an outlook which has not yet been fully appre- 
ciated by the profession. A complete bibliography of 
Frost’s writings is appended, and Maxcy has also con- 
tributed a short biographical note. 



An Introduction to Medical Science. Second Edi- 
tion, Thoroughly Revised. 

By William Boyd. Lea and Febiger, Philadelphia. 

$3.50. 9J X 5i; 358; 1941. 

Nurses and premedical students often find difficulty in 
combining their studies of anatomy, bacteriology, physi- 
ology, histology, and genetics into an integrated whole. 
These are often presented as apparently separate sub- 
jects, and each is highly complex in itself. This volume 
(for earlier edition, cf. Q.R.B., Vol. 12, p. 380) demon- 
strates how the several studies must be considered to- 
gether for attainment of an adequate imderstanding of 
medical problems. The first part deals with the gen- 
eral principles of circulation, inflammation, bacterial 
infections, parasitism, and natural resistance. The 
second, and major portion of the book, concerns the 
pathology of specific diseases presented, by and large, 
according to organ systems. The closing chapters con- 


sider practical application, preventive medicine, and 
the value of the nurse to the laboratory. 

Although the treatment of each section is necessarily 
brief, it is thoroughly understandable. The small pho- 
tographs are good, but the drawings are mostly inferior. 
The volume is well written, fulfills its purpose, and is 
adequately indexed. 



Immunity against Animal Parasites. 

By James T. Culbertson. Columbia University Press, 
New York. $3.50. 9x6; viii 4- 274; 1941. 

Both the beginning and the more experienced student of 
immunity to the parasitic forms should welcome this 
very considerable contribution in a field of investigation 
not overly burdened with clear and concise published 
works. Essentially, researches of devious and diverse 
nature form the material basis of this book. Its value 
is further enhanced by the predominance of fact every- 
w’here — personal concepts and theories being practically 
eliminated. The textual material is presented in three 
parts: (I) Natural resistance and acquired immunity, 
in which natural and age resistance, requisites for im- 
mune response, parasites which elicit immunity, and 
mechanisms and demonstration of immunity are dis- 
cussed; (H) Immunity in specific diseases, including 
the amoebiases, leishmaniases, tr 3 q>anosomiases, ma- 
larias, coccidioses, trematodiases, cestodiases, nemato- 
diases, and response to arthropods; (III) Applied immu- 
nity, describing the classification of and vacdnation 
against parasites, and the diagnosis of parasitic infec- 
tion. Ably and coherently written, carefully and ex- 
tensively documented with over 1300 references, com- 
pletely indexed, and attractively printed,' the volume 
will prove very useful to the beginner, the trained 
investigator, and the practicing physician and veteri- 
narian alike. 

Fundamentals of Health: Its Development and Con- 
servation. Revised Edition. 

By T. Bruce Kirkpatrick and Alfred F. Huettner with 
the Collaboration of Clara Mae Taylor. Ginn and 
Company, Boston. $3.50. 81 x 5§; ix -f 595; 1941. 
The material included in the original edition of this text 
was based upon a systematic survey of the interests and 
requirements of university students. It was foimd that 
the students wanted and needed a knowledge of bodily 
structure, function, and development as a foundation 
upon which to build proper health habits and attitudes, 
and not a mere recitation of hygienic dogmas. After 
observing the reactions of several thousand students 
during the past eight years, the writers feel that their 
original convictions were sound. The present editkm 
incorporates the more recent findings concerning embry- 



88 


TEE QUARTERLY REVIEW OF BIOLOGY 


ology, nutrition, internal secretions, bacteriology, 
immunology, and public health. As in the original 
writing, there is a considerable amount of space devoted 
to the principles of evolution, heredity, development, 
the function of the various organ systems, and proper 
health procedures for the maintenance of proper func- 
tion. The photographs and diagrams are of only aver- 
age quality, but there is an excellent list of selected 
readings. The volume contains a glossary and is well 
indexed. 

Infantile Paralysis. A Symposium Delivered at 
Vanderbilt University ^ Aprils 1941. 

By the National Foundation for Infantile Paralysis. 

National Foundation for Infantile Paralysis, Inc., 

New York. $1.25. 9 x 6; v + 239 ; 1941. 

This book contains much informative material for 
physicians and health officers. The six lectures, by 
well-known specialists, approach the problem from as 
many different angles and embody all the recent knowl- 
edge concerning this disease. It is now recognized that 
there may be as many strains of poliomyelitis virus as 
types of pneumococci and that the disease differs in 
different species of susceptible animals. With the dis- 
covery of the virus in feces and sewage, a new lead has 
been given as to the way in which poliomyelitis is 
spread. The problem seems to be growing in complex- 
ity but it is by no means insoluble, as this survey indi- 
cates. In addition to the sections on the history, 
etiology, immunology and serology, pathology and 
pathogenesis, and epidemiology of poliomyelitis, there 
is a chapter on treatment and rehabilitation of the pa- 
tient which will be extremely useful to physicians and 
nurses. A bibliography of 575 titles and an index are 
provided. 



The Parasites of Man in Temperate Climates. 

By Thomas W. M. Cameron. The University of 

Toronto Press, Toronto. $3.00. 9 x 5J; xi 4“ 182; 

1940. 

This work is based on a course of animal parasitology 
given in the medical school of McGill University. It is 
intended for the medical man who practises in the 
English-speaking temperate and sub-tropical zones. 
Only parasites which actually occur in North America 
or Great Britain are discussed in detail; those which 
may be introduced in patients from the tropics, but 
which cannot become acclimatized, are dealt with as 
briefly as possible, while odd, aberrant, or doubtful 
forms are omitted entirely. Since the volume is not 
designed for the student of tropical medicine or for the 
parasitologist or laboratory worker, the material has 
been selected to include only that required by the prac- 


titioner. The chapters deal with protozoa, helminths, 
leeches, and arthropods, with a final chapter on para- 
sitological technique. The bibliography has been 
reduced to a minimum and only monographic or similar 
works have been included. The book is enriched by 
appropriate illustrations and is indexed. 



Personal Hygiene Applied. Seventh Edition, Revised. 

By Jesse Feiring Williams. W. B. Saunders Com- 
pany, Philadelphia. $2.50. 7i x 5i; xvi -|- 529; 
1941. 

A college textbook of proven leadership in its field. 
However, there is no reason why this book should be 
limited to school or college, since physicians, teachers, 
nurses, and social workers may safejy recommend it to 
parents or patients in need of guidance for living. Some 
of the new material in this edition includes an up-to- 
date consideration of the vitamins, a simplified discus- 
sion of infection and immunity, a rewritten chapter on 
the endocrines, a revised consideration of the safety 
problem as it relates to the automobile, and a new dis- 
cussion of human heredity and its effects on the abili- 
ties and talents of the individual. The illustrations 
are especially praiseworthy. Questions and exercises 
and a list of selected readings are placed at the end of 
each chapter. The appendix provides a suggested list 
of topics for a term report, and a typical “true-false*^ 
test as given at Columbia University. A comprehen- 
sive index concludes this excellent textbook. 



The Body Functions: Physiology. 

By Ralph W. Gerard. John Wiley and Sons, New 
York. Chapman and Hall, London. $1.75. 8J x 
5i;xm-f289; 1941. 

This book is one of a series (Wendt Science Series) 
designed to give the reader more than just a superficial 
survey of the sciences, but at the same time to avoid 
the burden of technical terms. Part one concerns the 
effectors and regulators of the body — muscles, nerves, 
internal secretions — and how they function. The 
second section deals with circulation, respiration, diges- 
tion, excretion, protective mechanisms, and reproduc- 
tion. The central nervous system and behavior are 
discussed in the closing chapter. Enough anatomy, 
histology, and biochemistry are presented throughout 
the pages to clarify the descriptions of functions, and 
numerous simple physiological experiments are de- 
scribed, assuring a thorough understanding of the prin- 
ciples involved. Each chapter is concluded with an 
excellent list of references, and the book contains a 
complete glossary-index. 
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The Furtherance or Medical Research. 

By Alan Gregg. Yale UniversUy Press, New Haven, 
Oxford UniversUy Press, London. $2.00. 8 x 5t; 
ix + 129; 1941. 

The Director for the Medical Sciences of the Rocke- 
feller Foundation first attempts to define medical re- 
search, second to discuss the relations of institutions 
conducting or furthering medical research with each 
other — especially the relations between foundations and 
universities — and third, to give an insight into the 
qualifications and personality of the individual research 
worker. It is evident that the author is aware of the 
points of view of both the donor foimdations and the 
recipient institutions. He gives a provocative discus- 
sion of the shortcomings of the present system of 
foundation organization and the distribution of grants 
for research purposes in the United States, together with 
suggestions for improvement. The book is based on 
the eighteenth series of Terry Lectures delivered at 
Yale University. 



The Complete Weight Reducer. 

By C. J. Gerling. WUh a Foreword by Winfield Scott 

Pugh. Harvest House, New York. $3.00. 8 x 5§; 

246; 1941. 

This is in the nature of a handbook for the corpulent 
individual. In it will be found, under headings ar- 
ranged alphabetically, brief and easily comprehended 
discussions of types of food, popular diet systems, re- 
ducing menus, commercial products, reducing machines, 
forms of exercise — in fact, very nearly everything that 
quackery as well as sound investigation has produced 
for the guidance of those who find themselves with 
overweighted constitutions. Numerous frauds are 
exposed. The book is intended only for persons who 
have no chronic functional or organic disorder, and only 
for those adults, who, having a moderate degree of 
overweight, wish to reduce in a rational manner. There 
is no index to the volume but this is unnecessary with 
the arrangement of the material in dictionary form. 


X-Ray Therapy of Chronic Arthritis. {Including 
the X -ray Diagnosis of the Disease ) . Preliminary Report 
Based on 100 Patients Treated at Quincy, Illinois. 

By Karl Goldhamer. WUh a Foreword by Harold 
Swanberg. Radiologic Review Publisking Co., Quincy, 
lUinois. $2.00. 9 x 5J; 131; 1941. 

The chapter headings of this discussion on the x-ray 
diagnosis and treatment of chronic arthritis are as fol- 
lows: Clinical aspects and pathology of chronic arthritis; 
Roentgen findings in chronic arthritis; How do x-rays 
act in chronic arthritis?; What cases should be treated 
by x-rays?; Technique of treatment; Report of patients; 
Results; Conclusions. The author found that **The 


results of irradiation were good in almost all forms of 
chronic arthritis and were startling and decisive in some 
t3q)es.” A list of 52 references is given but there is 
no index. 



BIOCHEMISTRY 

Annual Review of Biochemistry. Volume X. 

Edited by James M. Luck and James H. C. SmUh. 

Annual Reviews, Inc., Stanford UniversUy P.O., Cal. 

$5.00. 8ix6;xi-f 692;1941. 

The editors call to the reader’s attention a serious 
impact of the war upon the Review, namely, the irregu- 
larity and delay in the receipt of many journals. “Al- 
most every article in the present volume has been sub- 
mitted by its author with apologies for the restrictions 
in content imposed by the unavailability of recent 
numbers of important journals.” Another effect is 
upon the international character of the Review. It is 
expected, however, that in Volume XI, the international 
character will be more manifest than in Volume X. 

Twenty-four papers make up the volume. All of 
them are important for the biochemist, but the general 
biologist will also find a number that are of especial 
interest to him. The chapter on bioluminescence 
should not be missed. Others are on plant growth 
substances, spectrometric studies in relation to biology, 
mineral nutrition of plants, relation of soil and plant 
deficiencies and of toxic constituents in soils to animal 
nutrition. The two longest reviews are on hormones 
(52 pages) and water-soluble vitamins (48 pages). As 
is the custom, all papers are documented and the volume 
concludes with author and subject index^. In the 
autumn of 1941 a cumulative author and subject index 
to Voliunes I to X was published. Those possessing a 
full set of this valuable series are indeed fortimate. 


Out of the Test Tube. Third EdUion Revised and 
Expanded. 

By Harry M. Holmes. Emerson Books, Inc., New 

York. $3.00. 9x6; 305; 1941. 

To the average intelligent layman, the field of chemistry 
represents one of the most appealing and revealing of all 
the subjects under investigation by modem scientific 
man. The present volume (cf. Q. R. B., Vol. 12, p. 495 
for earlier edition) makes a ver>^ real and very definite 
contribution to the chemical education of the general 
reader. This excellent popularization represents the 
efforts of an expert in writing a simple, straightforward, 
and up-to-date account of the marvels of chemistry 
and the effect of these on our everyday lives. A few of 
the more interesting of the forty-odd chapters are con- 
cerned with: the importance of high vacua; hydrogen — 
the lightest substance known; oxygen — the elixir of life; 
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chemical warfare; atom smashing; silks and cellulose; 
fuels and smoke; chemistry and the motor car; chemis- 
try of foods and nutrition; chaining the sun; the chemist 
in crime detection; the farm as a factory; what trans- 
portation owes to the chemist; minerals and world 
power; and the house of the future. The concluding 
chapter on strategic raw material is especially timely. 
The book is indexed and contains over one hundred 
striking illustrations. It is heartily recommended to 
all those who have an acute and healthy interest in the 
life of modem man and who wish to keep abreast of the 
contributions of chemical science to the comfort and 
convenience of living in the twentieth century. 



POLAROGRAPHY. Polarogtaphic Analysis and VoUam- 
metry. Amperometric Titrations, 

By /. M. Kolthof and J. J. Lingane. Interscience 
Publishers^ New York, $6.00. 9 x 5}; xvi + 510; 
1941. 

A presentation of a thorough and critical assay of the 
theory, then of the practice, of the polarogtaphic ana- 
lytical method so far developed. The delicacy, extreme 
range, and the automatic nature of the method avail- 
able make it of great value for all analysts — inorganic, 
organic, or biological. To be used, polarogtaphic 
analysis must be well understood. The present volume 
goes far in its effort to explain the “ins and outs.’* Fol- 
lowing this explanatory part, detailed methods of 
analysis are presented for many elements — complex 
salts, organic radicals and compounds, cancer tissues, 
etc. An important part of the text is the critical review 
of the literature through December, 1940. The appen- 
dix, which contains a table of potentials of common 
reference electrodes, and one of half-wave potentials of 
inorganic substances, and a chart of half-wave poten- 
tials of common inorganic substances in various sup- 
porting electrolytes, can be purchased separately. 
Author and subject indexes conclude the volume. 



Plant Growth Substances. Their Chemistry and 
Applications^ with Special Reference to Synthetics. 
Second Edition, Revised. 

By Hugh Nicol, Chemical Publishing Company, 
Brooklyn, N. Y, $2.00. 8i x 5i; xii + 148; 1941. 
The first edition of this book was devoted almost en- 
tirely to the chemistry of substances, mainly synthetic, 
that produce, control, or regulate the growth of plants. 
Some physiological aspects are included in the present 
edition. When the book was first published the prin- 
cipal application of synthetic substances had related 
almost entirely to the treatment of cuttings. Recent 


work in the treatment of seeds and in grafting has now 
been included. Although the vitamins B (thiamin) and 
C (ascorbic acid) have been discovered to be potent 
growth regulating substances when applied to plants, 
there is little discussion concerning these except by 
indication of the most important studies. Rather, 
more attention is devoted to the less publicized indole 
and naphthyl compounds. Author and subject indices 
are provided. 

Die Methooen der Fermentforschuno. IA ^- 
erung 8. 

Edited by Eugen Bamman and Karl Myrhdck, Georg 
Tkieme Verlag, Leipzig. R. M. 34.50 (outside of 
Germany). 11 x 8; 2589-3047? 1941 (paper). 

This is the last volume, with the exception of the bibli- 
ography which will appear separately, of the important 
series on biological compounds, and techniques and 
methods applicable to enzyme investigation. In it are 
described the distribution, purification, properties, and 
actions of aspartase, peroxydase, katalase, hydrogenase, 
catalytic systems of unknown actions such as RSSR — 
RSH, ascorbic acid, and quinonoids. COs assimilation 
by green plants and certain bacteria, Ns assimilation, 
antienzymes and various models of enzyme action are 
also discussed. The latter part of the volume deals 
with enzymes important to industry and to the clinic 
(in particular, those apparently specific in carcinomas), 
the trends of future work along these lines, and the pro- 
ductive fields which enzyme research is opening up. 



An Introduction to Organic Chemistry. Fourth 
Edition. 

By Roger J. Williams. D. Van Nostrand Company. 

$4.00. 8}x5{;xiii + 628;1941. 

With justifiable pride the author points (in his preface) 
to the characteristics which have made this textbook so 
popular that it has gone through four editions and nine 
reprintings since 1927. Among the main features of 
the book is its logical exposition with emphasis on the 
relationship between organic and inorganic chemistry. 
For example, the ethers, esters, acyl halides, etc. are 
conceived and described as belonging to a group of 
acidic anhydrides with fundamental properties in com- 
mon. In this revision the necessary additions conse- 
quent to recent discoveries have been made, but on the 
whole the contents and style of exposition are the same 
as those of the previous editions. There can be no 
doubt that the book will retain its Hgh position as a 
college textbook. 
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SEX 

Clinical and Expemmental Investigations on the 
Genital Functions and Their Hormonal Regu- 
lation. 

By Bernhard Zondek. The Williams & Wilkins Co., 

Baltimore. $4.50. 9 x 5f ; xxiv -|- 264; 1941. 

In this volume are brought together a series of reports 
on the author’s work in Palestine since 1935. The 
investigations have covered a wide field but the results 
are all of interest to the general biologist as well as to 
the endocrinologist. There is a report on the occur- 
rence of some extrogenic substances in nature — in the 
waters of the Dead Sea, among other places. The prob- 
lems studied may be classed under two general groups. 
The first deals with the effects of the administration of 
extrogenic and androgenic hormones. Experiments 
and observations are reported with reference to the 
percutaneous application of the hormones — the morpho- 
logical and physiological changes produced by the dura- 
tion of the administration of the substances in varied 
dosages. The second group of studies contains the 
findings related to the menstrual cycle and its mecha- 
nism. The author outlines his hypothesis on the 
mechanism of menstruation which in his view is pro- 
duced *^by harmonious action of the gonadotropic and 
ovarian hormones independently of the ovum.” Much 
of the work summarized here is already known but the 
value of this volume is not diminished thereby, particu- 
larly since the author has attempted to integrate his 
own and the findings of others. One must remark and 
admire the experimental technique which, although 
sometimes open to criticism, reveals nevertheless the 
ingenuity and cleverness associated with Zondek’s 
name. A bibliography of 269 titles and a summary of 
the work on the subject prior to 1935 are included. 

BIOMETRY 

Statistical Activities of the American Nations. 
1940. A compendium of the statistical services and activi- 
ties in ZZ nations of the Western Uemisphere, together with 
information concerning statistical personnel in these 
Nations. 

Edited by Elizabeth Phelps. Inter American Statisti- 
cal Institute, Washington, D. C. $2.00. 9| x 6; 

xxxi -f- 842; 1941. 

This volume, prepared under the direction of the Tem- 
porary Organizing Committee of the Inter American 
Statistical Institute, has for its aim “to present a cur- 
rent account of the statisHcal services and activities of the 
American nations, together with a partial biographical 
list of the principal statistical personnel in those nations 
other than the United States.” It is the outgrowth of 
the realization for some years past of the need to bring 


into closer relation the statisticians of the various 
American countries and to make them acquainted with 
the fact-gathering activities of these different countries 
and the publications that are the outgrowth of such 
activities. Each one of the 22 American republics is 
represented in a series of descriptive i)apers. These are 
summarized both in the language of the country and in 
English. The articles cover such topics as the system 
of official statistics, including a discussion of censuses 
and a list of the principal government agencies which 
compile statistics; principal official serial statistical pub- 
lications; statistical educational facilities; statistical 
library facilities; statistical societies or associations; and 
principal non-official or semi-official statistical agencies 
and their serial publications. One of the important 
features of the volume is the Biographical Director)^ of 
Statistical Personnel which covers 58 pages. Three 
appendixes contain general information on Statistical 
sources. Notes on the statistical section of the Eighth 
American Scientific Congress, and the Inter American 
Statistical Institute. An exceUent index completes 
the volume. 



Statistical Atlas of Southern Counties. Listing 
and Analysis of Socio-Economic Indices of 1104 Southern 
Counties. 

By Charles S. Johnson and Associates: Lewis W. 
Jones, Buford E. Junker, Eli S. Marks and Preston 
V alien; Consultants: Edwin R. Embree and W. Lloyd 
Warner. University of North Carolina Press, Chapel 
HiU. $4.00. 10 X 7; X -h 355; 1941. ' 

The sociological features of thirteen Southern states, by 
counties, are analyzed in this atlas. A great number of 
these features concern the educational characteristics 
of the areas, showing by race the expenditures per stu- 
dent percentage attendance, type and value of the 
schools, and per cent of illiteracy. The remaining 
features concern economic characteristics, including 
types of occupations, ownership and tenancy, order of 
major crops, and per capita wealth. From an analysis 
of these characteristics the counties have been classified 
into cultural types. It was found that geographical 
propinquity does not necessarily result in similar county 
types. This and other observations are briefly dis- 
cussed, most of which have long been known but have 
not been adequately expressed quantitatively. Though 
doubtful, it b to be hoped that the toil and expense of 
preparing this volume will be warranted. The informa- 
tion might prove of value to leaders in rural educational 
programs because of the close interrelationship between 
the school and the socio-economic conditions of the 
surrounding area. The bibliography contains approxi- 
mately 600 references. 
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The Second Yearbook op Research and Statistical 
Methodology. Books and Reviews. 

Edited by Oscar Krisen Buros. The Gryphon Pressy 
Highland Parky New Jersey. $5.00: Less ten per 
cent on orders sent directly to The Gryphon Press. 
10Jx7i;xx + 381;1941. 

The second volume of this compilation is considerably 
enlarged. It contains reviews of 359 books published 
in English since 1933, of which 125 appeared in the 
first volume (noted in Q. R. B., Vol. 14, p. 378). The 
reviews have been culled from 283 journals. Unques- 
tionably a useful source of information, this yearbook 
is also entertaining, and so;netimes embarrassing for 
book reviewers. The editor would like to make the 
Yearbook an annual publication if funds could be ob- 
tained; otherwise it wall remain biennial. Other and 
more ambitious changes are contemplated, including the 
review of articles as well as of books. The value of 
this proposal is doubtful. 



The Bulletin op Mathematical Biophysics. Vol- 
ume 4y Number i, Marchy 1942. 

Edited by N. Rashevsky. University of Chicago Press y 

Chicago. 

This number contains the following papers: Diffusion 
as a Function of Aggregates in Colloidal Media, by Her- 
man Branson; A Theory of Steady-State Activity in 
Nerve-Fiber Networks: IV. N Circuits w ith a Common 
Synapse, by Alston S. Householder; A Kinetic Theory of 
Diffusion Forces in Metabolizing Systems, by H. D. 
Landahl; Suggestions for a Mathematical Biophysics 
of Auditory Perception with Special Reference to the 
Theory of Aesthetic Ratings of Combinations of Musi- 
cal Tones, by N. Rashevsky; Non-Linear Excitation 
Theory: Non-Accommodative, Sub-Threshold Effects, 
by Alvin M. Weinberg. 



PSYCHOLOGY AND BEHAVIOR 

Territorial and Mating Behavior op the House 
Wren. Illinois Biological Monographs, V olume X VIII , 
Number 3. 

By S. Charles Kendeigh. The University of Illinois 

Press, Urbana. $1.50. lOi x 7; 120; 1941 (paper). 
This exhaustive and valuable study of the house wren 
is the result of 19 years of observation of 142 male and 
147 female wrens on a 1 5-acre estate. The results make 
it obvious that an intensive directive study reveals 
many facts otherwise not ascertained in casual field 
observation. 

Adult males that have previously nested almost in- 
variably return to the same territory that they formerly 
occupied, or they establish a new territory adjacent to 
it The return of adult females to their former nesting 


areas is almost as regular. The female does not defend 
territory or recognize the limits of territory as estab- 
lished by the male. When the female appears confined 
to a territory, it is due to her nest-box being centrally 
located within the territory, to her being chased out of 
neighboring territories, or to the male’s adjustment of 
the outlines of his territory to coincide with her 
movements. 

Territorial boundaries are frequently in a state of 
flux and rarely remain uniform throughout the season. 
These changes are caused by early arriving males at- 
tempting to take possession of very large territories, 
parts of w^hich they are forced later to yield, to the 
impact of new males arriving and carving out territories, 
to variations in the activity and feeding areas of the 
female mate, to the shifting population of both males 
and females between the first and second breeding 
periods, and the necessity' for remating. Territory is 
maintained throughout each breeding period and breed- 
ing season, although there may be some decrease in 
activity as nesting progresses. The non-breeding popu- 
lation of males varies from 28 to 35 per cent of the total 
male population and in the females from 13 to 20 per 
cent of the total female population. Except for the 
fact that only the male sings, sex recognition is based 
on differences in behavior of the two sexes. Later, 
there may be recognition of each other as individuals 
through characteristic mannerisms. Remating of a 
pair the following year occurred in 42 per cent of the 
cases where both birds of the pair survived and returned 
to the locality. 

Besides the conclusions derived from the writer’s 
observations, case histories of territories of individual 
males compiled during the course of this work are given 
“in order to make available to others the vast amount 
of information that accumulated at the Baldwin Bird 
Research Laboratory from 1914 to 1939.” 



Developmental Diagnosis: Normal and Abnormal 
Child Development. Clinical Methods and Practical 
A p plications. 

By Arnold Gesell and Catherine S. Amatruda. Paul 
B. Hoeber, Inc., New York. $6.50. 9J x 6i; xiii -F 
447; 1941. 

A scries of publications on the pioneer work of Gesell 
and his co-workers has preceded this book. Develop- 
mental Diagnosis, which is destined to become a classic, 
has the advantage over these earlier books in that it is 
much more inclusive as regards subject matter. It also 
gives the most concise and workable presentation to 
date of the Gesell clinical testing materiaL In the 
preface Gesell states that: 

Observations of normal behavior threw light on malde- 
velopment; and the deviations of development in turn 
helped to expose what lay beneath a deceptive layer 
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of “obviousness’* in normal infancy. We have come 
to sense the identity of the developmental processes 
which in equal measure determine the reaction pat- 
terns of the intact and the defective child, the well 
endowed, the partially endowed, and those blemished 
by injury and disease. 

It is these deep, determining developmental processes 
which must inevitably come within the scope of clinical 
medicine. In preparing this volume we have had 
much in mind the medical student who in private or 
public capacity will soon be confronted with varied 
and exacting problems which concern the developmental 
welfare both of normal and abnormal children. 

From a study of the genesis and growth of patterns 
of behavior Gesell has been able to formulate concrete 
norms of maturity which have been given thorough 
practical tests and have proved dependable “not only in 
the study of normal variations of development, but in 
the diagnosis and supervision of pediatric, neurological 
and psychiatric conditions.” 

The emphasis throughout the book is on diagnosis. 
In the first section the basic principles and methods are 
first outlined and the nature of behavior and of mental 
growth discussed. Chapter III, by far the longest in 
the book, is the most basic in that it “integrates the 
developmental tests, the behavior characteristics, and 
the growth trends of the behavior patterns for the 
period from 4 weeks to 3 years. I’his chapter is or- 
ganized for convenient reference and is illustrated with 
over a hundred photo-tracings of normative behavior 
patterns.” Part II, dealing with defects and deviations 
of development, discusses problems of differential diag- 
nosis, amentia and retardation, amentia of high grade, 
low grade amentia, endocrine disorders, convulsive dis- 
orders, the neurological diagnosis of infant behavior, 
cerebral injury, special sensory handicajis, prematurity, 
precocity, environmental retardation, and clinical 
aspects of child adoption. Part III is concerned with 
the protection of early child development — diagnosis 
and guidance and development sui)ervision. Four ap- 
pendices give details concerning technique, charts, 
equipment, and cinematic case studies. The volume is 
provided with an excellent working index. 

Basic Problems of Behavior. 

By Mandel SIterman. Longmans^ Green and Com- 
pany y New Yorky London and Toronto. $3.00. 8J x 
5i;vi4-440; 1941. 

Many books concerned with personality and adjustment 
suffer from an excess of clinical evidence and a lack of 
scientific fact. This book, an elaboration of the author’s 
Mental Hygiene and Education (1934), demonstrates 
that, in the investigation of problems of behavior, clini- 
cal and experimental evidence can be brought together 
with successful results. This alliance is accomplished 
by the selection of suitable experiments from the huge 
amount of psychological literature, and practical illus- 


trations furnished from clinical data. The opening 
pages present a systematic discussion of emotion as a 
foundation for the following chapters on motivation and 
frustration (including experimental neurosis), person- 
ality, adjustment mechanisms, attitudes, conflicts, neu- 
rosis, and mental abnormalities. A valuable chapter on 
delinquent behavior discusses current theories of the 
psychogenic basis, personality, and treatment of this 
problem. Gathering together as much data as it does, 
this book should prove valuable for reference as well 
as for use as a text, and may well encourage a closer 
association between psychologist and psychiatrist, as 
the author suggests. One might wish a more critical 
treatment of personality tests and procedures used in 
measuring attitudes. A 16-page bibliography and 
index are included. 

Breathing Capacity and Grip Strength of Pre- 
school Children. V niversity of Iowa Studies in Child 
Welfare^ Volume XVII J, Number 2. 

By Eleanor Metheny. University of Iowa Press, Irwa 

City, Iowa. $1.35 (paper): $1.70 (cloth). 9\ x 

6|;207; 1940. 

This investigation is designed to study the possible 
relationship of breathing capacity and grip strength to 
health and physical condition. Until now’ data con- 
cerning this problem in preschool children have been 
scarce. Si)ecial spirometers and dj-nomometers were 
constructed suitable to the physical requirements and 
need for special motivation of the children. Complete 
information was obtained concerning anthropometric 
measurements, intelligence scores, health ^and fatigue 
ratings, sex, and age. In the analysis of data on ap- 
proximately 200 children the intelligence quotient was 
found to be unrelated to either grip strength or breath- 
ing capacity but height was most highly correlated with 
both factors. It is doubtful that breathing capacity is 
related to health of preschool children, but on the aver- 
age the children with higher physical condition ratings 
had greater grip strength. The material suggests that 
the latter variable may be related to the run-dowm 
condition preceding a cold. This careful study justifies 
further investigation of grip strength as a functional 
test for children. 

A Behavior Study of the Common Tern (Sterna 
HIRUNDO HiRUNDO L.). Proceedings of the Boston So- 
ciety of Natural History, Vol. 42, No. 1. 

By Ralph S. Palmer. Society of Natural History, 

Boston, Mass. $1.00. 9 x 6; 119 -f 14 plates; 

1941 (paper). 

A number of notable field studies and reports on the 
natural history of the common tern have appeared in 
recent literature, but none has dealt so fully w'ith the 
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individual and social behavior of the bird as the present 
investigation. The author’s careful field observations 
extending over several years in the temeries at the 
Sugarloaf Islands off Sagadahoc County, Maine, are 
herein set forth with an excellent measure of scientific 
exactness and clarity. The detailed behavior of the 
tern from the time of its arrival at the temery, through 
the mating, brooding, and rearing seasons, makes up 
the greater portion of the report. Notes on the require- 
ments for a successful tern colony (isolation, food, and 
cover), the economic importance of the bird, as well as 
a list of its predators are included. The report con- 
cludes with an extensive bibliography, several charts, 
and a number of plates depicting the habitual activities 
of the tern. 

Schizophrenia in Childhood. 

By Charles Bradley, The Macmillan Company^ New 

York. $2.50. 8 x 5J; vii + 152; 1941. 

As indicated by the title, the subject matter of this 
book is concerned with the schizophrenic reaction as it 
is seen in children. In the first three chapters the au- 
thor gives a brief but appropriate summary of the de- 
velopment of the present-day schizophrenic concept 
through the influences of Kraepelin, Bleuler and Meyer. 
The viewpoint from which the remainder of the book is 
written seems to emphasize the ‘‘disease entity” rather 
than the “reaction type” concept, and the value of the 
book as a contribution to the literature is correspond- 
ingly weakened . Indicative of the contents and organi- 
zation of the material are the chapter headings: Inci- 
dence, Symptomatology, Course, Types, Etiology, 
Psychopathology, Laboratory Findings, Anatomical 
Pathology, Diagnosis. The author leans to a constitu- 
tional basis, with secondary, precipitating situation fac- 
tors as causative agents. The treatment is descriptive 
rather than dynamic. There is a bibliography of 118 
titles. Subject and author indices are included. 



A New Test for the Detection of Colorblindness. 
By P. B. WUtberger. College Book Company^ Colum- 
bus, Ohio. $8.00. 9x6; 22; 1941. 

Many people who are classified as colorblind by the 
usual tests are not truly colorblind but have var 3 dng 
degrees of weakness in color perception. The writer of 
this book objects to the use of such testsfor this and other 
reasons. He recommends the use of color “chips,” or 
rectangles, on which the subject fixes for a short period 
of time. Upon shifting the fixation pmnt the normal 
person (or a person who is only color weak) sees the 
complimentary color after-image, whereas the totally 
colorblind person sees a white rectangle. 

The book contains a brief description of the physi- 
dogy of cdor perception, directions for administration 


of the test, and several pages of color “chips.” For 
some purposes this method may be useful, but in gen- 
eral people who administer tests of color perception are 
interested in detecting color weak individuals as well as 
those who are totally colorblind. 



Social Case Records from Psychiatric Clinics unih 
Discussion Notes. 

By Charlotte T owle. The U niversity of Chicago Press, 

Chicago. $3.00. 9 x 5}; xii •+• 455; 1941. 

This book has been written primarily for use in the 
author’s classes in psychiatric social work at the Uni- 
versity of Chicago. The organization of the material is, 
accordingly, for usefulness in study and discussion. In 
a nine-page introduction the author formulates in con- 
cise and lucid form the general conceptual background 
against which the present-day psychiatric social worker 
operates. The remainder of the book is devoted to a 
presentation, in detail, of psychiatric social worker con- 
tacts with nine separate cases. The presentation of 
each case is followed by discussion notes and a pertinent 
list of references. There is an index. This book is 
recommended as an authoritative and practical con- 
tribution to its field. 



4l, 

Child Psychology: Child Development and Modem 
Education. 

Edited by Charles E. Skinner and Philip L. Harriman. 
With the Collaboration of Amy F. Arey, L. A. AveriU, 
Lorin E. Bixler, E. A . Bond, J. W. Charles, and Others. 
The Macmillan Company, New York. $3.00. 8| x 
5i; xii -h 522; 1941. 

A symposium of the general subject of child psychology. 
Fourteen different contributors are included. The gen- 
eral plan is a presentation of the problems of child psy- 
chology and a description of the methods employed in 
the scientific study of children. Throughout, the nor- 
mal child b regarded as an integrated, growing per- 
sonality. The book is well set-up and organized and 
the material is lucidly presented. Lists of references 
follow each chapter. In an appendix a brief, compre- 
hensive outline of each chapter of the book is given. 
There are subject and author indices. 



^ Mental Hygiene in Education. 

By Ernest W. Tiegs and Barney Katz. Ronald Press 
Company, New York. $2.75. 8 x 5i; xiv + 418; 
1941. 

A mental hygiene book for teachers, administrators, 
supervisors and students of psychology. The material 
is presented in three parts: Part I. The nature and 
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origin of {personality difficulties; Part 11. Improving 
personal and social adjustment; and Part III. The more 
serious personality difficulties. The scope of the mate- 
rial is broad and the aim of the authors commendable, 
but the treatment inevitably reflects the doctor of phi- 
losophy rather than the doctor of medicine, and is 
academically descriptive rather than dynamic. It is 
doubtful whether the book will prove a practical guide 
in handling the {personality problems of school children. 
A list of references follows each chapter and there are 
author and subject indices. 



Vision. A Study of Us Basis. 

By S. Howard Bartley. WUh an Historical Perspec- 
tive by Edwin G. Boring. D. V an Nostrand Company ^ 
New York. $3.50. 8f x 5J; xv + 350; 1941. 

A handbook on the {psychophysiology of vision. The 
author presents material selected from the psychology 
of vision for which present day neuro-physiology has 
something to ofler, and discusses certain related visio- 
sensory phenomena for which physiologj* must provide 
an answer. .As{pects of vision touched on are indicated 
by some of the chapter headings: Forms of brightness 
discrimination, Entoptic stray light, Re{peated stimula- 
tion, Flicker, Perception of movement, Neural inter- 
action, Contour, The electroretinogram, The optic- 
nerve discharge, The cortical resfponse. References arc 
ap(pended to each chapter, and there are name and 
subject indices. 



Juvenile Delinquency: A Comparative Study of the 
PosUion in Liverpool and England and Wales. 

By J . H. Bagot. Jonathan Cape^ London. 5s. 

8J x5J;93, 1941. 

This book presents the first of a new series of studies of 
social problems issued from the Division of Statistics in 
the Social Science Dc{>artmcnt of the University of 
Liveipool. The study is designed to throw light on the 
question of why the trend of juvenile delinquency is 
beginning to soar again with the advent of the present 
war. The study consists of a compparison of the {position 
in Liveipool, England and Wales, and is based on 
detailed anal>^s of records of juvenile delinquency. 
The conclusions and recommendations are summarized 
in one of the final chapters. 



Anxiety and Its Tesaticxnt wUh Special R^erence to 
Alcoholism. 

By John Yerbury Dent, John Murray^ London. 
38. 6d. 7i X 4J; 124; 1941. 

This is a consideration of the problem of alcoholism 
viewed as a symptom of an underlying anxiety. How- 


ever, the author writes from the viewpoint which is of 
doubtful helpfulness and accuracy, that anxiety is 
essentially a chemical and physical manifestation 
rather than a manifestation of {personality malfunction. 
Alcoholism is regarded as a chemical disease. One 
chapter is devoted to vitamin B deficiency. In another 
the treatment of addiction by appomorphine is described. 



Pars pro Toto. Ein BeUrag zur Pathologie Mensek- 
licher Afekte und Organfunktionen. Schriftenreihe zur 
Deutschen Medizinischen W ochenschrift, Herausgegeben 
von R. Siebeck and V. v. Weizsdekery Heft 5. 

By Rudolf Bilz. Georg Tkieme V erlag, Leipzig. RM. 
9.75 (outside of Germany). 8i x 5J; 318; 1940 
(paper). 

The author offers in this treatise a biologically oriented 
contribution to the {pathology of human emotions and 
organic functions (neuroses). The investigation will 
interest all students of the “mind-body” problem, {par- 
ticularly biologists, {Psychologists, and psychiatrists. 



DE OMNIBUS REBUS 
ET QLTBUSDEM ALHS 

Natural History and the American Mind. 

By William Martin Smallwood in elaboration with 
Mabel Sarah Coon Smallwood. Columbia University 
Press, New York. $4.25. 9 x 6; xiii 445; 1941. 
This is a pioneering work. Within the {>ast few years 
a number of biographical works dealing w'ith the natu- 
ralists of America have apppeared, but this is the first 
one to focus its emphasis exclusively on the effect of 
their lives and work on contempporary and subsequent 
thought The men and women whom the authors have 
selected for sppecial attention are not by any means the 
greatest, but those whom they consider to be the most 
significant: those who occupy not the mountain {passes 
but the cross roads on (paths to knowledge. Therefore, 
the {personnel discussed in a work of this sort is largely 
a matter of opinion, and the present reviewer feels that 
the omission of Robert Chambers, w'hose Vestiges of 
Creation preppared the way for Danvin is very definitely 
a defect. Certainly Chambers through his influence on 
Darwin has affected later scientific thought as much as, 
if not more than, that other pre-Darwinian evolutionist, 
Rafinesque, whose erratic figure apppears and reapppears 
throughout the {pages of this book. And the treatment 
of Amos Eaton seems somewhat out of propportion when 
comppared to, for instance, that accorded Agassiz. 

Except for such instances, however, the aelecUon of 
{personnel is above criticism. There is practically no 
naturalist who lived in the United States prior to 1850 
who is not mentioned in the {Pages of this work. Some- 



96 


TEE QUARTERLY REVIEW OF BIOLOGY 


times the notice seems inadequate. For example, 
Charles Alexandra Lesueur is mentioned because he 
made the drawings for Godman’s Natural Historyy thus 
setting a new standard for scientific illustration. Noth- 
ing is said about his romantic career with the ill-fated 
expedition of La Perouse, of which he was the only 
member to escape the destruction which overtook it. 
Neither is anything said about Lesueur’s systematic 
work on pelagic mollusca, and only the briefest possible 
mention is made of his part in the establishment of the 
intellectual capital of the United States at New 
Harmony. 

Again, John Bartram receives a great deal of atten- 
tion, which of course he merits, but nothing is said about 
his spectacular discovery of Franklinia. But of course, 
if the authors had attempted to please all their potential 
readers (whose name should be Legion) they would have 
produced a work the size of the Cambridge Natural 
History. The chapter dealing w-ith the sixteenth and 
seventeenth century writers was an eye opener to this 
reviewer, as was also the story of Jane Cloden of the 
eighteenth century, who was the first woman to take up 
any kind of scientific activity. 

Perhaps the most original, and hence the most impor- 
tant chapter, is that dealing with the manufacturers of 
scientific instruments. We all use microscopes, but 
what do we know about Spencer, Tolies, Gronow, and 
Zentmayer? How many who use Spencer instruments 
know that at the age of sixty Spencer lost his entire 
plant, stock, and records in a fire, and then proceeded 
to set the entire world an example of courage and hero- 
ism by starting over again from scratch, five years later 
winning a gold medal at the Paris exposition? 

To the authors of this w^ork America means only the 
Atlantic seaboard of the United States. This example 
of inverse synecdoche leads them to repeat the ];>opular 
error that the Museum of the Library Association in 
Charleston, South Carolina, was the first to be estab- 
lished in America. As a matter of fact, the Natural 
History Museum established by Kino at Matap6, 
Sonora, antedated that at Charleston by more than a 
century. Also, the authors’ contention that American 
culture originated on the Atlantic seaboard can hardly 
be maintained, for when Harvard was founded in 1638 
there were at least four imiversities on the Pacific slopes 
of Latin America, one of which at Leon, Nicaragua, had 
been in operation since 1523. 

A more adequate index and a chronological table 
would have added to the efficiency of the work, as would 
have better documentation. But despite these criti- 
cisms the book is truly moniunental and deserves uni- 
versal circulation. 



Teds Road op a Naturalist. 

By Donald Culross PeaUie. Houghton Mifflin Com- 
pany, BosUm, $3.00. 9 x 5}; ix -f- 315; 1941. 


Not since the publication of The Desert and The Moun- 
tains has the present reviewer come across a more 
beautifully expressed appreciation of nature than this 
work by Peattie. Like Van Dyke, Peattie understands 
the truth of the statement of a late philosopher, that 
**There is more real beauty in what science has to tell us 
of the chemistry of a distant star, or of the life history 
of a protozoon, than in any cosmogony produced by the 
creative imagination of a pre-scientific age.” Both 
Van Dyke and Peattie give free rein to creative imagina- 
tion, but both confine their statements to what science 
can reveal to us about the natural countryside. Here 
the resemblance ceases. Van Dyke is an art critic, 
Peattie is an artist. Instead of the impersonal and 
objective attitude of Van Dyke, Peattie is personal and 
subjective, and identifies himself with the desert and 
the mountains that he loves. In his c4se the antithesis 
betw^een man and nature does not exist. Like the child 
in one of Kipling’s Jttsi So stories, he fades away into 
the landscape, and becomes part of nature. The man- 
tle that has fallen upon his shoulders is not that of Van 
Dyke, but that of William Bartram, that gentle soul 
of an earlier century, who was so distressed by the 
cumber and entanglement of a war tom world that he 
retired to the wilderness to commune with nature and 
nature’s God. 

Peattie is not inspired by the desert so much as by 
the feelings which it evokes within him. His poetic 
descriptions alternate with meditations of an intimate 
nature upon the dee[>er things of life, which will be 
found comforting by those w'ho have endured the same 
sorrows, and there are many such, but they are not 
articulate and we seldom hear about them. The world 
has great need today of the mystic vision. It must be 
a great satisfaction to the author to know that he is 
helping to meet this need. 



Research — A National Resource. II. — Industrial 
Research. December, 1940. Report of the National Re- 
search Council to the National Resources Planning Board. 
National Research Council. Government Printing 
Office, Washington. $1.00. Hi x 9; xi 4“ 370; 
1941 (paper). 

Under the direction of the National Resources Planning 
Board three surveys have been made concerning re- 
search as a national resource, not only in relation to the 
present defense effort but also to developments in the 
post-defense period. The first of these reports, on 
“Relation to Federal Government of Research,” has 
been published. The third, “Business Research,” is in 
preparation. The second, the present volume, has 
been prepared by 26 outstanding leaders in research. 
From a summary of the findings we note the following: 

Continuous and increasing application of science bv 
industry is contributing most significantly to the hign 
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standard of American living. Viewed in this light 
industrial research is a major national resource. . . . 
American industry employs over 70,000 research work- 
ers in over 2,200 laboratories at an estimated annual 
cost, based on an average of figures reported, of the 
order of $300,000,000. . . . Industrial research is pos- 
sible for all industrial units, small and large 

Industry looks to the universities for trained technical 
men, and for principal advances on the frontiers of 

science There is opportunity for some American 

university to establish a comprehensive curriculum in 
applied mathematics. The number of men engaged 
in applied mathematics is comparatively small but 
their work is extremely significant. 

Recommendations, in summary form, are also made 
to industry, to labor and industry, and to the Govern- 
ment for the further extension of research in industrial 
fields. 

• Science versus Materiausm. 

By Reginald O. Kapp. Methuen and Company ^ Lon- 
don, 10s. 6d. 7J X 5i; 280; 1940. 

The author of this book is an engineer who seems, 
unfortunately, unfamiliar with the concept of integra- 
tion in human biology. He attempts to answer, to his 
own satisfaction, the question ^Ts matter the only 
reality?” His revival of the battle between science and 
religion and materialism and vitalism would seem to be 
an earnest battle against windmills. The book is 
divided into three parts: I. Clearing the ground; 
II. Double determinateness; and III. The material 
universe. 

By circuitous routes he clears his mind by resorting 
to the dichotomy of living and lifeless substance (i.e. 
organic vs. inorganic) and asserting that living sub- 
stance is subject to a double set of restrictions, that its 
behavior is more determinate than that of lifeless sub- 
stance. This ''double determinateness” is regarded as 
evidence for vitalism. Likewise, living substance is 
constructed to a "specification,” i.e. is not merely the 
result of shaking down, as in cr>^tal formation and 
other inorganic aggregates. Many references are made 
to the views of various biologists, philosophers, and 
physicists, both ancient and modem. 

It is felt that the puzzled reader will find little help 
in this exposition, and the causal reader little interest. 



Photographic Emulsion Technique. 

By T. Thome Baker. American Photographic Pub- 
lishing Company f Boston. $4.00. 7} x 5{; xii + 
263; 1941. 

‘‘This book is intended not only to be a guide to prac- 
tical emulsion making, but as a textbook for technical 
students, industrial chemists, and photographers gen- 
erally, who are anxious for their own reasons to prepare 
emulsions ol various types and speeds.” Although the 


range of commercially produced sensitized paper, glass, 
and film is wide, the photographer occasionally requires 
an emulsion outside of this range and in such a small 
quantity as to make commercial production impossible. 
The writer thoroughly explains the technique of pre- 
paring emulsions, including selection of materials, labo- 
ratory layouts, coating, color, x-ray, ultraviolet, grain, 
speed, etc. 

For deeply involved amateur photographers, study 
and experimentation with emulsions provides a fascinat- 
ing hobby full of possibilities. For them this book may 
be recommended as an excellent guide. Yet a simple 
reading of these pages cannot but broaden the knowl- 
edge of those w'ho depend entirely upon commercial 
products. Included are many references and a com- 
plete index. 



Soil and Sense. 

By Michael Graham. Preface by Sir E. John Russell. 

Faber and Faber, London. 7s. fid. 7J x 4}; 274; 

1941. 

The fertility of the soil is to agriculture what petrol is 
to a motor car — it is what keeps it a going concern. In 
this simply written and ver>^ understandable volume, 
Graham has brought out the fact that increased mecha- 
nization, with its counterpart, decreased animal popu- 
lations, has resulted in a serious strain on the fertility 
of the soil. This condition is further aggravated by the 
excessive and unwise use of cheap chemical fertilizers. 
In non-technical language, the author disciisses the 
natural fertility cycle of the soil, as well as crop rotation, 
and the importance of grasses and legumes in maintain- 
ing soil fertility, and encourages the farmer to avail 
himself of the scientific tests now available to determine 
the needs of his soil, and to make up for the depletions 
with a good grade of chemical fertilizer. There is also 
a strong plea for landlords to assist tenants in supplying 
the needed fertilizer. 

Since the book is about British agricultural prob- 
lems there is little beyond the very broadest considera- 
tions which will be of value to the American farmer. 
A short list of references and an index are appended. 



The Rockefeller Foundation: Annual Report for 

im. 

By Raymond Fosdick. The Rockefeller Foundation^ 
New York. Free. 8} x 5t; xv + 473; 1941 (paper). 
In the first part of this report is given President Ray- 
mond B. Fosdick’s review of the year’s work of the 
Foundation. Then follow detailed reports for the dif- 
ferent divisions: International Health, Medical, Natu- 
ral and Social Sciences, Humanities, and Work in 
China. Appropriations for the year amounted to 
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$9,854,497. Of this sum, 77 per cent was for work 
in the United States and 23 per cent for work abroad. 
Public health received the largest share, followed by 
the natural, social and medical sciences, humanities, 
and rural reconstruction in China, in the order named. 
The war curtailed the work in some of the European 
countries but appropriations went to 44 countries in 
Europe, Asia, Africa, and the Americas. The activities 
of the Foimdation, extending into all fields of intel- 
lectual endeavor, represent wise and careful planning 
on the part of those who have the responsibility of 
disbursing the funds. The largest single appropriation 
went to the University of California for the construc- 
tion and housing of a giant cyclotron. 



Bv Light of Sun. 

By Elsie Symington. With Foreword by Richardson 

Wright: Woodcuts by Claire Leighton. G. P. Put- 

nam's Sons^ New York. $2.00. 8 x 5}; z + 196; 

1941. 

Mrs. Symington’s autobiography is the story of a sensi- 
tive woman’s successful search for a way of living 
which would provide the widest scope for her physical 
and mental energies. Because the environment she 
sought turned out to be a special sort of house in a 
special sort of garden, the casual reader may be inclined 
to dismiss the work as just another garden book. It 
is a great deal more than that, for its author is a pecu- 
liarly articulate person, able to analyze and explain 
with great skill the various *^drives” which warred 
within her and to make it understandable just why she 
finally chose to use all her force in the creation of a 
vast garden in which things are permitted to grow under 
the circumstances in which they grow best. In not 
many autobiographies is the author more precisely 
aware of her place in the scheme of things, her capacities 
and limitations. Women seem to have a talent for self- 
revelation and Mrs. Symington has cultivated her 
large share of that talent to make a book which has 
something in commcm with the great self-portraits of 
the past. 



Biological Stains: A Handbook on the Nature and 
Uses of the Dyes Employed in the Biological Laboratory. 
Fourth Edition Revised. 

By H. J. Conn. With the coUaboration of J. A, 
Ambler, R. W. French, W. C. Holmes, tt al. Revised 
with the assistance of J. T. Scanlan, Anis P. Brad- 
shaw, and Mary A. Borrow. Biotech Publications, 
Geneva, N. Y. $3.40. 8 x 5|; 308; 1940. 

This recognized and authoritative handbook of dyes 
empk^d in the biological laboratory has been given 
a very careful revision and brought completely up-to- 
date. New material embodied includes description 


of thirteen dyes not previously considered. The sub- 
ject covered so adequately by this book is becoming 
a field for more and more precise knowledge all the 
time and hence the urgent need for just such a volume 
as this. In addition to the succinct presentation of 
the nature and uses of the various dyes themselves, 
the book includes a discussion of the history and 
theory of staining, and the spectrophotometric analysis 
of dyes. The appendix contains much valuable infor- 
mation arranged in convenient tabular form. The 
volume is concluded with a complete bibliography and 
index. To students, technicians, and seasoned inves- 
tigators everywhere, this manual of stain technology — 
one of the few acceptable to the discriminating scientist 
— should prove of inestimable and increasing value, as 
its previous editions have done. 



America’s Housekeeping Book. 

Compiled by New York Herald Tribune Home In- 
stitute. Charles Scribner*s Sons, New York. $2.00. 

8i X 5i; xxiv -f 607; 1941. 

A manual for the housewife. The book has been in 
the making for upwards of 15 years. It developed 
out of numerous letters and telephone calls from house- 
wives for aid on household matters. Frequently, 
long and difficult research was necessary by the In- 
stitute staff to find solutions to some of these problems. 
The material is well organized under three headings: 
Home organization; Housekeeping methods; and 
Operation and maintenance of the home. The index, 
which covers 28 closely printed pages, gives some indi- 
cation of the number of subjects covered. We men- 
tion only a few of these: electric shock, medicines, 
removing stains, heating systems, household pests, 
electrical repairs, paints and stains, repairing furniture, 
doors, etc., treatment of walls, and soaps. Many 
illustrations are included. 



Directory of Microfilm Sources including Photo- 
stat Service, 

Compiled by Rose C. CibeUa. Special Libraries Asso- 
ciation, New York. 75 cents. 10 x 7; vii -f 56; 

1941 (paper). 

A directory for librarians, research workers, and in- 
dustrialists. It has been issued to make available the 
data now in hand, but a revised edition is contemplated 
which will furnish a much more complete set of records. 
There are listed 202 universities and libraries which 
now provide microfilm or photostatic service, also a 
number of commercial firms. A group of sample order 
forms in use by various institutions, a geographical 
index of microfilm sources and an index to equipment 
l^lp to make this directory extremely useful to those 
wishing to avail themselves of the fine opportunity 
offered by libraries in the United States, Canada, and 
England. 
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THE RELATION OF ADAPTABILITY TO ADAPTATION 

By G. F. cause 

Institute of Zoology^ University of Moscow 


T his article is the first in a series of 
essays on the ecological aspects of some 
problems of the origin of species. Its 
chief purpose is to summarize the results 
of my recent exp>erimental investigations 
on the relation of adaptability to adaptation in 
unicellular organisms, which were published in 
the Russian language in various biological journals 
of U.S.S.R., and to coordinate the results thus 
gained with the rest of our knowledge in that 
direction. 

The study of the mechanism of the adaptive 
process is essentially an ecological problem. 
When a population of a given species is subject to 
the action of altered environmental conditions, 
for example, the increased concentration of salts 
or of some other chemical substances in the 
medium of an aquatic animal, a number of com- 
plicated processes sets into operation. On the 
oneliand, there exist inherent initial differences in 
susceptibility to the new conditions among mem- 
bers of a given population of individuals. Further, 
there exist inherent differences in adaptability of 
different individuals to the altered environmental 
situation. Adaptability is here used as the capa- 
city for adaptive modiffcation in individual de- 
velopment, which is due to a number of physiologi- 
cal mechanisms acquired in the previous history 
of a given species. 

What wiU be the effect of natural selection under 
all these circumstances? Will it favor an out- 
standing initial strength, or an extremely rapid 
adaptability, or both of these? What will be the 
results of selection In the populations of the various 


species and under different factors of the environ- 
ment? 

It will be useful to consider sepxarately two 
different possible situations: First, the mechanism 
of the adaptive process to the environment which 
is gradually changing. It is this problem of 
changing enxdronment which is only considered 
in the present article. Experimental work along 
this line has led to the discovery of the peculiar 
relation of adaptability to adaptation within the 
population of one and the same species. It has 
also shown the importance of the magnitude of 
genetic diversity in adaptability of different 
individuals in a population, as compared to the 
magnitude of diversity of the same individuals in 
their inherent initial strength. 

Second, it will be appropriate to treat the case 
when some environmental factor has changed from 
one to another of relatively fixed values. How 
will natural selection work to stabilize the popula- 
tion under the new steady circumstances? The 
consideration of this problem is reserved for subse- 
quent publication. 

THE IMPORTANCE OF ADAPTIVE MODIFICATIONS FOR 
EVOLUTION 

The part played by adaptive modification in 
evolution has been much less than adequately 
valued in the recent development of biological 
thought. As Pearl (1^39) truly remarked, this is 
an obvious consequence of the trend given to 
biological philosophy by Weismann and Bateson, 
with their emphasis upon the entailed or endowed 
element in the whole biological picture. 
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It is well known that all organisms have the 
capability to alter themselves to meet the fleeting 
changes in their circumstances. Various adaptive 
modifications acquired under the effect of environ- 
ment are not hereditary, but the very feature of 
adaptability is undoubtedly an outcome of the 
long historic process of natural selection. Adapt- 
ability is useful, and natural selection has provided 
for that specific architecture of physiological 
processes that guarantees the production of ap- 
propriate modifications. Whether or not all 
modifications are actually adaptive is a problem 
in itself, and this subject will be given due con- 
sideration in one of the subsequent articles. 

Since adaptive modifications are not hereditary, 
they are usually believed to be of no importance 
for evolution processes. However, there are also 
advocates of a different attitude. The reasoning 
of Lukin (1936) is as follows. Adaptations of 
organisms to environment are of two kinds: First, 
non-hereditary alterations under the effect of en- 
viroiunent upon physiological systems of the 
developing organism. For example, animals 
grown in low temperatures are larger. This is 
useful for temperature regulation in a cold climate, 
because of the decrease of surface per unit of body 
volume. Second, a similar gain in body size can 
be brought about by chance mutation, without any 
action of low temperature. 

This parallelism of hereditary and non-heredi- 
tary variations is rather widely spread and it can 
be satisfactorily explained by developmental 
physiology. In both cases the alteration of an 
organism is usually due to a change in the relation 
between rates of some biochemical reactions. 
Whether this relation is shifted because of the 
altered temperature conditions, or because of 
variation in quantity or quality of catalyzers, in 
its turn depending on mutation in the hereditary 
material, the effect of both these different causes 
is the same. Sometimes it is stated that non- 
hereditary modifications duplicate hereditary ones. 
The former are then called “phenocopies” (Gold- 
schmidt, 1938). Sometimes the terminology is 
reversed and mutations are called ^^genocopies” 
of non-hereditary modifications (Schmalhausen, 
1938). 

Are there some reasons to suspect genocopies to 
be in some respects particularly useful in the 
mechanism of the adaptive process? Lukin 
(1936) recently pointed out that there are at least 
two reasons for such a belief. On the one hand, a 


casual genocopy can be suspected to be summed up 
with the useful phenotypic modification, and 
consequently produces a particularly vigorous 
organism in some specific respect. This is the 
principle of intensification of characters. On the 
other hand, some useful feature of organization 
by the way of genocopy is developed relatively 
independently of the accidental interplay of 
environmental factors at the time of ontogenesis, 
and in this respect it might be advantageous over 
the common adaptive modification. This is the 
principle of autonomization of characters. In 
other terms, according to this conception, natural 
selection wiU favor distribution in populations of 
genocopies augmenting and improving the external 
expression of adaptive modifications. If after 
such a selection a p>opulation returns to the original 
conditions of its existence, the former adaptive 
modifications appear to become hereditary. This 
is one of the central points of the whole theory, 
which should consequently be called a hypothesis 
of hereditary fixation of adaptive modifications by 
means of natural selection of genocopies. In the 
light of this conception adaptive modifications 
prepare the way for the subsequent evolutionary 
advance. 

THE IIAGNITUDE OF ADAPTIVE CHARACTEIt 

The theory outlined above evidently operates 
with the concept of magnitude of adaptive char- 
acters. This magnitude means the value of those 
features or characters which are useful, and which 
determine the survival of an individual in the 
process of natural selection. It is admitted that 
the greater is the magnitude of some adaptations, 
the more are the advantages associated with the 
possession of them. 

Let us take for example the case of adaptation 
of an aquatic animal to the increased salinity of 
the medium. It will be seen that a part of total 
adaptation, i.e. of total resistance to salinity ob- 
served under the new environmental conditions, 
will form a feature of organization deeply rooted 
in the previous history of a given species. We 
mean the original resistance to salinity in the 
initial conditions, which would be maintained if 
the environmental conditions remained unaltered. 
It is this initial inherent adaptation which can be 
augmented or weakened by means of genocopies. 

The other part of total adaptation observed 
under new environmental conditions represents 
adaptive modification. It is the outcome of onto- 
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genic adaptability, the adaptive response of the 
organism to the altered conditions of its existence. 
This second part of total adaptation is in its turn 
subject to hereditary alterations. 

Summarizing, it can be stated that the total 
magnitude of adaptation in the case of some adap- 
tive characters (but certainly not in all of them) 
can consist of two components: initial adaptation 
and acquired adaptation. Hence: 


I The magnitude 
of adaptive 
character 


Initial adaptation before 
the beginning of action 
of a specific environmen- 
tal change. Depends uponj 
previous history of a given 
group of individuals j 


+ 


Adaptive modifi- 
cation acquired 
under the action 
of the specific 
environmenul 
change 


The theory outlined above can now be formu- 
lated thus. A casual increase of initial adaptation 
by means of genotypic alteration must be summed 
up with the magnitude of adaptive modification, 
and consequently yield a larger value of total 
adaptation useful for an organism. It is only 
with such summation of adaptations that natural 
selection could augment adaptive modifications by 
genocopies resembling them. 


THE CONSTANCY OF TOTAL ADAPTATION IN SOME 
ADAPTIVE CHARACTERS 

We have now sufficiently clarified some basic 
concepts underlying the theory of hereditary fixa- 
tion of adaptive modifications by means of natural 
selection of genocopies, and we can now attempt 
to prove this theory by direct experiments. Is the 
genotypic increase of initial adaptation really 
summed up with the magnitude of adaptive 
modification? 

This problem was analyzed for the case of 
adaptation of various species of the genus Para- 
mecium to the increased salinity of the medium 
(Cause, 1939; Cause and Smaragdova, 1939; 
Smaragdova, 1940). Although parameda are 
typical fresh-water inhabitants, some of them also 
dwell sometimes in saline environments (Quenner- 
stedt, 1865; Florentin, 1899; Kahl, 1928) and even 
in marine water (Levander, 1894; Calkins, 1902; 
Smith, 1904). It is hence interesting to analyze 


carefully the mechanism of their adaptation to the 
increased salinity of the medium. 

Experimental adaptation of certain fresh-water 
ciliates to sea water was in recent years attempted 
by several authors. The delicate mechanism of 
the adaptive process, however, was not adequately 
analyzed. For example, Finley (1930) added sea 
water to mixed cultures of Protozoa and reported 
that in cases of direct dilution of cultures by sea 
water in increased proportions parameda can 
tolerate up to 10-20 per cent, but in gradual adap- 
tation, up to 100 per cent of sea water. These 
results were not confirmed by subsequent investi- 
gations. Yocom (1934), who also added sea water 
to mixed cultures of infusoria, observed the death 
of parameda when the concentration of the added 
sea water attained 20-60 per cent. Frisch (1935, 
1939) reported that paramecia cannot tolerate 
the concentration of sea water exceeding 40 per 
cent. Loefer (1939) also made some experiments 
in that direction. 

In all these studies no attempt was made to 
evaluate the effect of natural selection in the 
experimental adaptation of paramecia to the 
increased salinity of the medium. 

The first object of our investigations was to 
procure material with sufficient range of hereditary 
variations in respect to salt resistance. The isola- 
tion of single dones of infusoria from common wild 
cultures reveab usually only a narrow hereditary 
variability. Wild cultures are relatively homo- 
geneous, because competition and natural selection 
are very keen in them, and only a few strong strains 
of paramecia usually survive. In this way rela- 
tively weaker clones drop out of the field of our 
observation. 

In order to avoid this difficulty and to work with 
that wide range of hereditary variability which 
actually takes place in nature, and not only with 
a few clones which survive under some specific 
conditions, we isolated various clones at some 
stages following conjugation processes. Accord- 
ing to older data of Jennings (1913), confirmed 
more recently by Raffel (1930), and also by 
J enning s, Raffel, Lynch, and Sonnebom (1932), 
recombinations of hereditary material at the 
time of conjugation produce numerous inherent 
variations in morphological and ph 3 rsiological 
characteristics of Paramecium, 

The experiments were begun by induction of 
conjugation in a wild culture of Paramecium 
aureUa by a method described recently by Bar- 
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barin (1938). A dense suspension of paramecia 
about 3 C.C. of the volume was poured into a small, 
speciaIly>constructed vessel, and for an hour 
bubbles of hydrogen were passed through it. 
Then the vessel was closed hermetically and the 
paramecia left for a night in the atmosphere of 
hydrogen at 25®C. Next morning air was bubbled 
throu^ the liquid, and the paramecia were kept 
for a few hours in aerobic conditions. In conse- 
quence of such a procedure, numerous pairs of 
conjugants appeared in the wild culture of para- 
mecia. 

We isolated 28 conjugating pairs of P. aurelia 
into depression slides, which in their turn were 
put into large moist chambers kept at 20^C. On 
the following day both separated exconjugants 
(a and b) of each pair were again isolated into 
depression slides, and a day hence the products of 
the first division following conjugation (ai and aa 
from the first exconjugant, bi and b 2 from the sec- 
ond exconjugant) were isolated once more. In 
this way each pair of conjugants was the ancestor 
of the four separate lines of infusoria, ai, as, bi, bs. 
Sonnebom (1937) has shown that the isolation of 
a clone in Paramecium aurelia at the stage of the 
first division following conjugation usually guaran- 
tees its hereditary homogeneity at later stages of 
vegetative reproduction. 

We have isolated altogether 28 X 4 *■ 112 sepa- 
rate lines of P. aurelia. The four lines originating 
from the same pair of conjugants will be further 
called a family. It is known that owing to lethal 
combinations of hereditary material at the time of 
conjugation a number of lines subsequently dies 
out, and hence some of our clones soon disap- 
peared. We have used in further work only 5 
families of P. aurelia^ in each of which survived 
all four lines. Consequently, the total number of 
lines of P. aurelia employed attained 20. 

Paramecium aurelia was cultivated in Cster- 
hout’s saline medium of the following composition: 
NaCl— 2.35 gr., MgS04-7HjO~0.250 gr., KCl— 
0.050 gr., CaCl2~-O.027 gr., water bidistilled in 
Jena glass — 100 cc. This stock solution, in which 
the concentration of salts attained 2.7 per cent, 
was diluted before the experiments with bidistilled 
water 225 times by volume, so that the total 
concentration of salts attained finally 0.012 per 
cent. In the case of experiments with increased 
salinity, the stock solution was diluted with bi- 
dfetilled water in such a way that the total con- 
centration of salts attained 0.1, 0.5, 1.0 per cent, 


etc. Paramecia were fed by suspension of Bacillus 
subtilis and of Torula uiilis in the saline medium. 
The yeast Torula was previously cultivated in 
Petri-dishes on beer-wort agar medium, and with 
the aid of a platinum loop transported into the 
saline medium. We have isolated from hay 
infusion a strong strain of Bacillus subtilis^ satis- 
factory by its nutritive properties for paramecia, 
which was further cultivated on a solid medium 
(5 per cent hay infusion plus 1.5 per cent agar- 
agar). The bacteria were also removed by a 
platinum loop from the solid medium and added 
to the suspension of yeast cells. 

Two other species, Paramecium caudaium and 
P. bursaria^ were cultivated in Beers medium of 
the following composition: Ca(NC)i) 2 — 0.03 gr., 
KNOs-O.Ol gr., MgSO4-7H2(>-B.01 gr., HjO— 
500 cm.* The other details of cultivation were 
the same as with P. aurelia. For experiments 
with adaptation to salinity Osterhout’s saline 
medium was used. This was added in various 
proportions to the Beers culture fluid. All these 
experiments were run at 25®C. 

In further work we studied the adaptation of a 
number of clones in each species of paramecia to 
the gradually increasing salinity of the medium. 
For each clone we recorded at the start its initial 
resistance to salinity in the standard culture fluid, 
before the beginning of experiments with acclima- 
tization. For this purpose infusoria were at first 
equalized in respect to nutritive conditions. Fifty 
individuals of each clone were placed for a day in 
5 cm.* of the nutritive medium. On the following 
day infusoria were taken from such a preparatory 
culture and placed by groups of four individuals 
into each depression slide. To each group were 
added 8 drops of saline medium in varying concen- 
trations (0.3, 0.4, 0.5 per cent, etc.) without food. 
The cultures were left at 25®C., and on the follow- 
ing day the number of individuals was counted. 
Experiments with each clone were repeated twice 
and yielded a curve relating the number of sur- 
vived individuals with the salinity of the water. 
Fig. 1 represents such a curve for the line 12bi 
of P. caudaium before its acclimatization to 
increased salinity. In experiments with P. 
caudaium 245 such curves were obtained. The 
initial resistance to salinity in each clone was 
measured by the concentration of salts killing 
50 per cent of the individuals per day (i.e. leaving 
still alive 2 individuals out of 4). This value was 
read from the concentration-toxicity curve, and 
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in the case of the line i2bi of P. caudcUumy shown 
in Fig. 1, it makes 0.47 per cent. 

The same procedure was employed at different 
stages in the process of acclimatizing infusoria to 
increased salinity. The resistance to salinity 
measured at that time evidently exceeded the value 
of initial resistance. The difference between the 
subsequent and initial resistance to salinity in 
each clone gives the value of its adaptive modifica- 
tion. To eliminate fluctuations due to possible 
other causes, determinations of resistancies in the 
initial and acclimatized cultures of paramecia 
were usually made simultaneously. Experiments 
with various clones were performed under per- 
fectly identical environmental conditions, and 
hence differences between clones in the values of 



SB/inity 

Fig. 1, Resistance to Salinity before Accumatiza- 
TioN IN THE Clone I2bi of P. caudatum 

both initial resistance and adaptable modification 
were only due to inherent, genotypic causes. 

If in the work with Paramecium caudatum the 
salinity of the medium is increased slowly, and 
later it ceases to increase, so that in 50 days the 
concentration of salts attains only 0.36 per cent, 
a peculiar phenomenon is observed. It appears 
as if physiological organization of paramecia 
approaches a kind of steady state, as far as we 
record in this case the '‘constancy of the total 
value of adaptation”, which is shown in Fig. 2 and 
Table 1. 

On the abscissae of Fig. 2 we placed the values 
of initial resistance to salinity in various clones of 
P, caudatum. On ordinates are put the values of 
adaptive modification of resistance in the same 


clones. It is clear that the sum of these two 
characters (initial adaptation plus adaptive 
modification) — or in other terms, the value of the 
total resistance, that is to say, the total adaptation 
to salinity — represents a constant amount in the 
most diverse clones. This total resistance is 
expressed by the following salinities: 0.688, 0.689, 
0.685 and 0.690 per cent (Fig. 2). 

Hence it is possible to conclude that a casual 
genotypic increase or weakening of initial adapta- 
tion is by no means simply added to the value of 
adaptive modification. It is instead observed 
that clones of paramecia, which are genotypically 

TABLE 1 

Resistance to salinity in various clones of P. caudatum 
before and after slow acclimatization to 
0.36 per cent of salinity 

Average data of two series of experiments. Resist- 
ance is expressed by the concentration of salt killing 
50 per cent of the individuals per 24 hours. The 
test was made on the 50th day from the beginning of 
the experiment. 


NUMBEX or 
THE CLOKE 

INITIAL 

XESISTANCE 

SUBSEQUENT 

XESISTANCE 

ACQUIXED 
XESISTANCE OX 
ADAPTIVE 
XODmCATIOM 

3ai 

0.37 

0.68 

-f-0.31 

3a2 

0.43 

0.72 

-fO.29 

3b, 

0.48 

0.66 

-f0.18 

3b, 

0.45 

0.66 

+0.21 

12a, 

0.40 1 

1 0.66 1 

+0.26 

12a3 

0.46 i 

0.71 ; 

+0.25 

12b, 1 

0.46 ! 

0.71 i 

+0.25 

12b, 

0.44 : 

0.72 i 

+0.28 

30a2 

0.48 ) 

0.69 1 

+0.21 

31b, 1 

; 0.53 

0.69 : 

+0.16 

32a, 

0.48 1 

0.69 

+0.21 

32b, i 

i 0.43 i 

0.67 j 

+0.24 


weak at the start, compensate this weakness by 
increased capability for adaptive modification. 
At the same time those clones of paramecia which 
are genotypically strong in the initial resistance 
possess but weak adaptability. In consequence 
of such a situation their initial strength is nullified, 
so far as it does not offer any advantage in respect 
to the total adaptation. 

This conclusion is made here with some reserva- 
tion, as far as the necessity of certain corrections 
will be evident from further experiments. Let 
only two points be noted at this time. (1) From 
the physiological point of view, a strong negative 



104 


TEE QUARTERLY REVIEW OF BIOLOGY 


relation of initial adaptation to adaptive modifica- 
tion shows that these two characters are not inde- 
pendent, but are instead due to activity of one 
and the same physiological system capable of 
yielding only a certain fixed amount of adaptation. 
When much material is spent upon initial inherent 
adaptation, only a little can be added to it by the 
way of adaptive modification. (2) From the 
evolutionary point of view, it is important that no 
simple summation of adaptability with the initial 
adaptation is possible. 

Negative relation between initial resistance to 
salinity and the value of adaptive modification 
were also observed in experiments with Parame- 
cium bursaria. Various exconjugant strains of this 
^>ecies were gradually acclimatized to 0.21 per 
cent of salinity (through the stages of 0.007, 



Fig. 2. The Relation of Acquixed Resistance to 
Initial Resistance to Salinity in Various 
Clones of Paramecium caudatum 
The case of slow acclimatization. 

0.07, and 0.14 per cent). Their resistance was 
tested 45 days after the beginning of the experi- 
ment, and the results obtained are given in Table 2. 

It is clear that clones lai, Ibi, S and R possess 
lower initial resistance as compared to 2ai and 
2bi, but at the same time they exceed these latter 
clones in respect of capability for adaptive modi- 
fication. Adaptability in the inherently weaker 
clones is so strong, that in respect of total resist- 
ance to salinity after acdmatization (i.e. by the 
total adaptation) these clones even overtake 
initially stronger strains. It follows, therefore, 
that the relation of initial adaptation to adaptive 
modification is actually negative, but that the 
Constance of the total amount of adaptation is only 
approximate and by no means absolute. To this 
point we shall return later. 


The relation of adaptability to adaptation is 
very interesting, and it certainly should be studied 
also in animals other than Protozoa. (Adaptive 
modification under increased salinity in a clone of 
vegetatively reproducing infusoria biologically 
corresponds to ontogenetic adaptability in multi- 
cellular animals.) One is inclined to expect 
theoretically the following three possibilities: 
negative relation, positive relation, and no relation 
at all between both variables. At present, how- 
ever, quantitative data in this field are practically 
non-existent, and only one other zoological example 
is known to the writer. 

Kalabukhov (1937) studied adaptations in the 
blood of forest mice to a mountainous mode of 
living. In high altitudes oxygen tension is lower 
than on the plain. It is well known that blood of 

TABLE 2 

Resistance to salinity in various clones of P. bursaria 
before and after acclimatization to 0,21 per cent of 
salinity 

Resistance is expressed by the concentration of salt 
killing 50 per cent of the individuals per 24 hours. 
Each figure is the average data of two series of tests 
with four experiments in each series. 


NUMBZX OF 
THE CLONE 

lESISTANCE 
BEFORE ACCU- 
MATlZAnON 

BZSXSTANCE 
AFTER ACCLl- j 
MATIZATION 

ADAPTIVE 

MODIFICATION 

lai 

0.267 

0.400 

-f 0.133 

lb. 

0.266 

0.400 

-f-0.134 

2ai 

0.293 

0.380 

-fO.087 

2bi 

0.278 

0.337 

-f-0.059 

S 

0.264 

1 0.405 

-f 0.141 

R 

0.262 

0.400 

-h0.138 


mammals is very sensitive to the decreased oxygen 
tension. In order to provide the tissues with 
oxygen under conditions of oxygen-deficiency in 
the atmosphere, the number of erythrocytes and 
haemoglobin-content of the blood are increased. 
At this time only the variation in the number of 
erythrocytes will be considered. 

Kalabukhov studied several species of mice 
belonging to the genus ApodemuSt including A. 
sylvaticus, A, flavicoUis^ and A, agrarius. Experi- 
mental transportation of mice from the plain to 
the mountains has shown that in high altitudes the 
number of erythrocytes in the blood of Apodemus 
sylvaticus increases considerably in comparison with 
the initial number. This species acclimatizes well 
in high altitudes, in spite of the deficient atmos- 
pheric pressure. The behavior of the species 
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Apodetnus agrarius is quite different. When 
simultaneously transported from the plain to the 
mountains, the number of erythrocytes in the blood 
of this species increases so insignificantly that it 
does not provide the tissues with a proper supply 
of oxygen. Due to such a weak capacity for 
adaptive modification, this species cannot survive 
transportation to high altitudes, and rapidly dies 
out. Table 3 gives some comparative data on 
the alteration of the number of erythrocytes in 
Apodemus sylvaticus^ A, agrarius, and A, flavicoUis, 
It is easily seen that when the initial number of 
erythrocytes is great, this character does not give 
any significant adaptive modification. Such is the 
case of Apodemus agrarius. In the experiments 


perishes. In A. sylvaticus, however, the number 
of erythrocytes is far remote from this maximal 
possible value. Hence this species possesses 
sufficient potentialities for adaptive modification. 

In conclusion it should be noted that it is not 
the total number of erythrocytes in the blood, 
i.e. the total value of adaptation, but evidently 
only the magnitude of the adaptive modification 
which is important for natural selection in a popu- 
lation of mammals subject to a mountainous 
climate. Without a powerful adaptive modifica- 
tion in the number of erythrocytes, the increased 
demand of the tissues for oxygen cannot be sup- 
plied, however considerable might be the initial 
number of erythrocytes of the animal. 


TABLE 3 


Number of erythrocytes in millions per 1 mm* in the blood of various species of mice on the plain and after their 

elevation to high altitudes 
From Kalabukhov (1937) 


spcaES 

INITIAL NUICBEt OP 
ERYTHEOCYTES ON 

THE PLAIN 

THE FINAL NUICBEE OP 
ERYTHEOCYTES IN 
HIGH ALTITUDES 

THE INCREASE OP THE 
NUMBER OP ERYTHRO- 
CYTES (ADAPTIVE 
MODIFICATION) 

I. Transportation to high altitudes 




1. Apodemus sylvaticus 

8.6 

9.4 

+0.8 

2. A. agrarius 

9.3 

9.4 

+0.1 

II. Prolonged action of artificially decreased 




atmospheric pressure 




1. A, sylvaticus 

8.4 

9.2 

+0.8 

2. A. agrarius 

10.6 

9.0 

-1.6 

3. A . flavicollis 

7.5 

9.5 

+2.0 


with artificially reduced atmospheric pressure the 
number of erythrocytes in this species even some- 
what decreases. However, when the initial 
number of erythrocytes is small, the magnitude of 
its further adaptive increase is rather considerable 
{A. sylvaticus and A. flavicollis). The final num- 
ber of erythrocytes — or, in other terms, the total 
value of the adaptive feature of organization — 
again appears to be more or less constant within 
the limits of the genus Apodemus. One again 
comes across strong negative relation of adapta- 
tion to adaptability, which is represented graphi- 
cally in Fig. 3. One gets the impression that there 
exists a certain maximal possible number of ery- 
throcytes in the blood of mice of the genus Apo- 
demus. The species A. agrarius possesses on the 
plain this maximal number At the time of eleva- 
tion to higher altitudes, the number of erythrocytes 
has, so-to-say, nowhere to expand, the adaptive 
modification is not formed, and this species 



Fig. 3. The Relation or Acquired Number or 
Erythrocytes to the Initial Number of Eryth- 
rocytes ON THE Plain in Various Species op Mice 
Belonging to the Genus Apodemus 




106 


THE QUARTERLY REVIEW OP BIOLOGY 


THE NON-CONSTANCY OF TOTAL ADAPTATION 
IN SOME ADAPTIVE CHARACTERS 

It has already been remarked that the constancy 
of the total value of adaptation in various clones 
of Protozoa is approximate and not absolute. 
When the salinity of the medium had for some 
time ceased to increase, and the process of adapta- 
tion of the physiological organization of the 
paramecia approached to a kind of the steady 
state, it is true that total salt-resistance in diverse 
clones of infusoria is approximately constant. 
Experiments show, however, that in the course of 
active adaptation of paramecia to the increasing 
salinity of the medium, a characteristic deviation 
is observed from the constancy of the total re- 
sistance. 



Fig. 4. The Relation op Acquired Resistance to 
Initial Salt Resistance in Various Clones of 
Paramecium caudatum on the 3(hH and 60rH 
Day prom the Beginning op the Experiment 

If in the work with Paramecium caudatum the 
salinity of the medium is gradually increased for 
a month up to 0.36 per cent, and then maintained 
at this level for 20 days more, the subsequent test 
will 3 rield an approximate constancy of resistance 
in diverse clones, as shown in Fig. 2. If, however, 
the course of adaptation is more rapid, so that 
paramecia are tested on the 30th day from the 
beginning of the experiment at 0.36 per cent of 
salinity, and on the 60th day at 0.60 per cent of 
salinity, one observes the relation represented in 
Fig. 4. The relation of initial resistance to 
salinity of a given clone of paramecia to the amount 
of adaptive modification acquired by it is again 
iiegative. However, the sum of these two char- 
acters (i.e. the total adaptation) is no longer even 


approximately constant in various clones. Rather 
peculiar is the gradual increase of total resistance 
from the right to the left clones in Fig. 4 (0.52, 
0.55, 0.57 ; again 0.85, 0.90, 0.98). In other words, 
clones initially weak in resistance acquire such 
powerful adaptive modifications that their total 
resistance to salinity outrun that of inherently 
stronger strains. This means that inherently 
weaker strains, by means of adaptive modification, 
are “over-strengthened.” A similar picture was 
observed in P, bursaria (Table 2). 

Let us attempt to appreciate these observations 
from the viewpoint of the hypothesis of hereditary 
fixation of adaptive modifications by means of 
natural selection of genocopies. Which clones 
will survive in the natural selection? It is true 
that natural selection requires special analysis, 
and this will be presented at length in the following 
section of this paper. At present let us only 
discuss briefly the advantages and disadvantages 
of the various clones. One is inclined to admit 
that in the adaptation to the increased salinity 
of the medium the leading part is played by the 
total resistance to salinity, or in other terms, by 
the total value of adaptation. Which part of 
this total resistance is inherent and which acquired 
is probably unimportant. It is further apparent 
that natural selection in the mixed cultures of 
paramecia will operate throughout the adaptive 
process. The natural selection of stronger strains 
certainly will not wait the attainment of the 
steady state, when the adaptation is in the main 
completed and various clones of jMiramecia ap- 
proximately equalized in their properties. In the 
course of adaptation to increased salinity, the 
total resistance is not the same in infusoria of 
various clones. The strongest total resistance will 
be possessed by those clones which are weak at 
the start but powerfully adaptable (Fig. 4). All 
other conditions being equal, it is these strains 
which will survive the natural selection. 

Natural selection for great total adaptation in 
the gradually changing environment will conse- 
quently lead to survival of strains with geno- 
typically weakened initial adaptation and geno- 
typically enhanced adaptive modification. This 
conclusion from experimental data directly contra- 
dicts the above-mentioned hypothesis of the 
hereditary fixation of adaptive modifications by 
the means of natural selection of genocopies. 
Natural selection under our conditions increases 
adaptive modifications at the expense of reducing 
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the strength of inherent initial adaptations re- 
sembling them. 

The conclusion just arrived at means simply 
that in the mechanism of adaptation of P. cauda- 
turn to the increased salinity of the medium will 
take place the selection for adaptability. Such 
a situation is only possible because the adaptive 
modihcation makes here the lion*s share of the 
value of total adaptation. The part played by 
the value of initial resistance to salinity is rela- 
tively small. A combination of the strong adap- 
tive modification with the slight initial resistance 
appears to be more advantageous in respect to the 
total resistance than a combination of the weak 
adaptive modification with the strong initial 
resistance. At the same time, such combinations 
as that of strong adaptability with the geno- 
typically strong initial adaptation turn out to be 
impossible for some physiological reasons. 


mined by the usual method. Fig. 6 shows the 
data obtained, which are closely similar to those 
recorded for Paramecium caudatum. 

The story heretofore reported shows that power- 
ful capability for the formation of adaptive modifi- 
cations is a necessary prerequisite condition for 
natural selection for adaptability. But the very 
feature of adaptability has behind it some histori- 
cal grounds. It closely de{>ends upon natural 
conditions of habitat of a given species. For 
esuimple. Cause (1939) and Smaragdova (1940) 
recorded that Paramecium caudatum and P. 
aurelia more readily adapt themselves to the in- 
creased salinity than does P. hursaria. The two 
former species easily acclimatize themselves to 0.4- 
0.6 per cent of salinity while at the same time the 
increase of salinity over 0.21 per cent is usually 
fatal for P. hursaria. It is probable that weak 
adaptability of P. bursaira to increased salinity 
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Fig. 5. Initial (Continuous Lines) and Acquired 
(Dotted Lines) Resistance to Salinity in 
Various Clones of Paramecium caudatum 
Resistance is expressed by the concentration of salt 
killing 50 per cent of the individuals per 24 hours. 

Fig. 5 shows graphically the resistance to sa- 
linity in various strains of Paramecium caudatum 
before and after rapid acclimatization by them to 
the salinity of 0.36 per cent. The test was made 
on the 30th day from the beginning of the experi- 
ment. One is impressed by the fact that inherent 
diversity in the initial resistance to salinity is 
relatively weak, and it is much overlapped by the 
capability to form adaptive modifications which is 
peculiar to all the strains, and hence by inherent 
diversity in the adaptability which here arises. 

The same picture is observed in experiments with 
20 diverse strains of the other species, Paramecium 
aurelia. For the purpose of acclimatization these 
were at first placed in 0.1 per cent of salinity, 
three days later in 0.2 per cent and so on, until 
the concentration of salts attained 0.4 per cent. 
Under these conditions paramecia were cultivated 
for a week and then their salt resistance was deter- 
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Fig. 6. Initial (Continuous Lines) and Acquired 
(Dotted Lines) Resistance to Salinity in 20 
Various Clones or Paramecium aurelia 
Resistance is expressed by the concentration of salt 
killing 50 per cent of the individuals per 24 hours. 

is due to the fact that in the peat bogs, which are 
the natural habitats of this species, the concentra- 
tion of electrolytes is very low. 

It w’ould be interesting to analyze the mechan- 
ism of the adaptive process in the case when the 
part played by adaptive modification in the total 
value of adaptation is rather low, and when the 
leading r61e belongs to the value of the casual 
initial resistance. With that purpose we turned to 
the action upon Protozoa of such chemical factors 
as were probably never met by them in their 
natural habitats. In this case strong adaptability 
is not to be expected. 

Such new factors are presented by the action on 
Protozoa of various drugs. Quinine and arsenic 
preparations are widely used to cure diseases 
caused by pathogenic Protozoa. They are re- 
peatedly introduced into the infected organism, 
and it is often observed that parasites become 
acclimatized to their action and are no longer 
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destroyable by the drugs in usual doses. It was 
Ehrlich who recorded this process in his work with 
arsenic compounds. Whether this acclimatiza- 
tion of pathogenic Protozoa to the action of drugs 
is due to the natural selection of the more resistant 
strains of the parasite in the course of the treat- 
ment, or whether it depends on the formation of 
adaptive modifications on the part of the para- 
sites, is not known. 

We attempted to elucidate such relations by 
stud 3 dng the action of quinine upon various strains 
of Paramecium caudatum. Paramecia were ac- 
climatized to living in dilute solutions of quinine 
hydrochloride added to their standard nutritive 
fluid. In the fiifst month the concentration of 
quinine was brought to 0.0036 per cent (through 
the intermediary stages of 0.0009, 0.0018 and 



Fig. 7. Resistance to Quinine after Acclimatiza- 
tion TO 0.0036 Per Cent Solution in the Clone 
42ai OF P. CAUDATUM 


0.0027 per cent) and in the second month to 
0.0063 per cent (through intermediary dilutions 
of 0.0045 per cent and 0.0054 per cent). (The 
dynamics of acclimatizing paramecia to quinine 
was equalized with that employed in the experi- 
ments with salts. The concentration of 0.0036 
per cent of quinine and 0.36 per cent of salt are 
approximate resistancies of non-adapted indi- 
viduals of jP. caudatum. Such concentrations of 
chemicals in the nutritive medium were reached 
in a month, through three equally distributed 
intermediary stages.) The method of testing the 
initial and acquired resistance to quinine in each 
separate clone was identical with that employed 
in experiments with acclimatization to salinity. 
Fig, 7 shows a typical curve relating the number 


of survived individuals with the concentration of 
quinine in the clone 42ai of P. caudatum acclima- 
tized to 0.0036 per cent of quinine. The resistance 
was again measured by the concentiation of 
quinine killing 50 per cent of individuals per 24 
hours. 

Fig. 8 shows the distribution of resistances to 
quinine before and after acclimatization to 0.0036 
per cent solution in various clones of P. caudatum. 
The test was made on the 30th day from the be- 
ginning of the experiment. Fig. 8 shows that 
casual inherent diversities between separate clones 
of paramecia in respect of quinine resistance be- 
fore acclimatization are evidently rather consider- 
able as compared to the slight capability to the 
adaptive modification, which is still present. 

The mechanism of acclimatizing paramecia to 
quinine is evidently essentially different from 
their acclimatization to increased salinity. Which 
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Fig. 8. Initial (Continuous Lines) and Acquired 
(Dotted Lines) Resistance to Quinine in 
Various Clones of Paramecium caudatum 
Resistance is expressed by the concentration of salt 
killing 50 per cent of the individuals per 24 hours. 

strain, in the case of quinine, will possess the 
greatest total resistance after acclimatization? 
Table 4 shows that it is the strain 42ai. Although 
this strain is, by the magnitude of its adaptive 
modification, much behind many of the other 
lines, its casual initial resistance is very strong. 
Due to this fact the total resistance of the strain 
42ai turned out to be ahead of the other strains. 

In the case of quinine, adaptability will evi- 
dently not play any leading r61e for natural selec- 
tion. This is again illustrated by Fig. 9. The 
most useful appears to be the combination of the 
powerful initial adaptation with the relatively 
moderate adaptive modification. Its total re- 
sistance attains 0.0054. Combinations of weaker 
initial adaptations with the more powerful adap- 
tive modifications yield smaller values of the total 
resistance (0.(X)50, 0.(X)47, 0.0044). Combina- 
tions of powerful initial strength with the strong 
adaptability are again absent. 
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Summarizing, it could be stated that the accli- 
matization of paramecia to quinine is essentially 
different from their acclimatization to salinity. 
In the case of quinine, the conditions are favorable 
for the selection of the casual initial strength of 
resistance accompanied by the relatively moderate 
adaptability. At the same time, in the acclimati- 
zation of paramecia to increased salinity, a selec- 

TABLE 4 

Resistance to quinine in various clones of P. caudatum 
before and after acclimatization to 
0.0036 per cent solution 


Resistance is expressed by the concentration of 
quinine killing 50 per cent of the individuals per 24 
hours. Average data of three series of experiments. 


NUMBXS OF 
TBEiCLONE 

XESISTANCE 
BEFORE ACCU- 
ICATIZATION 

RESISTANCE 
AFTER ACCLI- 
ICATIZATION 

ADAPTIVE 

MODIFICATION 

41ai 

0.0033 

0.0046 

-f0.0013 

4102 

0.0034 

0.0050 

-t-0.0016 

41bi 

0.0037 

0.0046 

+0.0009 

41b2 

0.0028 

0.0043 

4-0.0015 

42ai 

0.0044 

0.0054 

4-0.0010 

4202 

0.0036 

0.0041 

4-0.0005 

42bi 

0.0030 

0.0050 

4-0.0020 

42b2 

0.0033 

0.0036 

-f 0.0003 

44ai 

0.0037 

0.0046 

-1-0.0009 

4402 

0.0035 

0.0039 

-1-0.0004 



Fig. 9. The Relation of Acquired Resistance to 
Initial Resistance to Quinine in Various Clones 
OF Paramecium caudatum on the 30th Day from 
the Beginning of the Experiment 

tion is inevitable for the strong adapatability 
accompanied by the weak initial strength. Neither 
in the first nor in the second case did we come 
across the summation of the strong adaptation 
with the profound adaptability. 

NATURAL SELECTION TOR ADAPTABILITY 

We have heretofore assumed as self-evident 
that the value of the total resistance of a clone of 


infusoria to some unfavorable environmental con- 
ditions is wholly responsible for the survival or 
disappearance of this clone in the process of 
natural selection. But it is clear that this assump- 
tion should be analyzed more carefully. 

At present we possess a very delicate and con- 
clusive method of demonstrating natural selection 
of some specific clones in the mixed populations of 
infusoria. The method is founded upon the 
properties of the so-called mating types of in- 
fusoria, discovered recently by Sonnebom (1937) 
and Jennings (1938). In the case of Paramecium 
bursaria the mdividuals of any given clone will not 
conjugate with the individuals belonging to the 
same clone, or to another done if this is of the 
mating type identical with theirs (e.g. of the t)q>e 
I). At the same time they will readily conjugate 
with individuals of a done which belongs to the 
antagonistic mating type II. The conjugation is 
preceded by the specific reaction of agglutination. 
If one mixes two dones belonging to different 
mating types, the individuals almost immediately 
agglutinate or become clumped into dense groups, 
which later desintegrate into conjugating pairs 
(Jennings, 1939). Let us now consider the case 
of a mixed population consisting of two clones, 
belonging to type I and type II, respectively. 
This population acclimatizes itself to the unfavor- 
able environmental conditions. After a while one 
can exactly see whether both mating types of 
paramecia survived in the mixed culture, or 
whether one of them disappeared in the process of 
natural selection. For that purpose one must 
take a sample of a mixed population in appro- 
priate physiological condition (i.e. not overfed), 
and add to it, in one experiment, some new indi- 
viduals belonging to the type I, and in the other, 
of type II. If in this procedure individuals of 
type I will not cause agglutination of infusoria, 
but such an agglutination will be caused by the 
added individuals of the type II, this would mean 
that individuals of the latter type disappeared 
from the mixed culture. Agglutination reaction 
makes visible the survival or disappearance of 
mating types. The species Paramecium bursaria 
is particularly appropriate for such a work, be- 
cause the clones of this species in continued vege- 
tative reproduction retain for many months their 
specific mating types (Jennings, 1939). The 
situation in P. aurelia and P. caudatum is less 
fortunate. 
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In the experiments with P. bursaria four clones 
numbered lai, Ibi, 2ai and 2bi were used. The 
division-rate per day in these clones in the stand- 
ard medium of Beers at 25®C, in the average of two 
series of observations, is as follows: 2.94; 3.57, 3.13, 
4.23. Their initial and acquired salt resistance is 
given in Table 2. The following mixtures yielded 
immediate conjugation: lai + Ibi; 2ai + 2bi; 
2ai -1- lai. 

Conjugation was induced in the medium of 
Beers, and populations of conjugants from each 
mixed culture were gradually acclimatized to the 
salinity of 0.21 per cent for a period of 45 days, 
through the intermediary stages of 0.007, 0.07, 
and 0.14 per cent of salinity. At the same time 
the cultivation of mixed populations of conjugants 
was continued in the initial medium of Beers. 
Every three to four days paramecia living in mixed 
cultures were re-inoculated. For that purpose a 
part of the culture (about 100 individuals out of 
1000) was transferred to 5 c.c. of the newly made 
nutritive medium. The same was the method of 
cultivation of separate clones. It is clear, how- 
ever, that in the mixed culture must go on the 
process of natural selection of those clones which 
acclimatize and multiply more rapidly, and by this 
increase their relative numbers in the mixed popu- 
lation through a series of consecutive re-inocula- 
tions of the culture. 

The test of composition of mixed cultures was 
made on the 45th day after the beginning of the 
experiment. For that purpose we mixed in the 
dense suspension 50 individuals from the mixed 
culture with 50 individuals from one of the pure 
strains entering into the composition of the mix- 
ture. On the following day the number of con- 
jugants was counted. For the control, 100 indi- 
viduals from the mixed culture alone were 
similarly isolated. The results of analysis are 
given in Table 5. 

When the clone lai is added to a mixed culture 
(lai + Ibi) or to (2ai -f laO, conjugation is ob- 
served immediately. This means that the clones 
with the mating type of lai disappeared in the 
course of cultivation from both mixed cultures 
cultivated in the initial medium of Beers as well 
as acclimatized to increased salinity. 

Natural selection in the mixture 2ai -)- 2bi is 
somewhat different. In the saline medium the 
done of the type 2bi disappeared, but in the me- 
dium of Beers it was the done 2ai, which perished 


in the mixed culture. This condusion was con- 
firmed by a great number of repeated tests. 

The very fact of disappearance from mixed cul- 
tures of one of two mating t 3 q)es is interesting and 
suggestive. It shows that vigor or weakness of 
paramecia is closdy bound with their mating t 3 rpe, 
so that disappearance of the weak individuals 
represents at the same time the disappearance of 
one of two antagonistic mating types. It is to be 
remembered that mixed cultures were started by 
conjugating individuals. This conjugation, as 
every hybridization generally, must have produced 
numerous new combinations of hereditary charac- 
ters. If the physiological vigor or weakness of 

TABLE 5 

Analysis of composition of mixed populations of 
Paramecium bursaria by the mating 
types technique 


NAME OF THE CULTURE 
ANALYZED 

NAME OF THE 
CLONE ADDED 
FOE ANALYSIS 

CONJUGATION 

Salinity 0.21 per cent 



lai -{- Ibi 

lai 

+ 

lai + Ibi 

lb. 

— 

2ai -f* 2bi 

2a, 

— 

2a, + 2b, 

2bi 


2ai -j- lai 

2ai 

— 

2ai -f- lai 

lai 

+ 

Initial medium of Beers 



lai -f Ibi 

lai 


lai + Ibi 

Ibi 

— 

2ai -f- 2bi 

2ai 


2ai + 2bi 

2bi 

— 

2ai -f lai 

2ai 

— 

2ai -|- lai 

lai 



infusoria were distributed by conjugation at ran- 
dom and independently of the mating type, both 
types should later be partially eliminated from 
the mixed culture, and total extinction of only 
one of them could not have been recorded. 

At the same time these experiments represent a 
direct proof of strong natural selection among 
closely related clones in the mixed populations of 
infusoria. In what the weakness of perished 
clones consists is rather clear. The salt resistance 
of the clone of the mating type 2bi, which disap- 
peared in the course of acclimatization to salinity, 
is lower than that of the survived done 2ai (Table 
2). The division rate per day of the done lai 
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(2.94), which disappeared in the medium of Beers, 
is lower than the division rate of the better fitted 
done Ibi (3.57). 

In a number of other experiments natural selec- 
tion in the mixed cultures of infusoria was studied 
by a different method. We simultaneously ac- 

TABLE 6 

Resistance to salinity in various clones of P. aurdia before 
and after acdimatization to 0.4 per cent of salinity 
Resistance is expressed by the concentration of salt 
killing 50 per cent of the individuals per 24 hours. 
The test was made on the 20th day from the beginning 
of the experiment. 


NUMBEM or THE CLONE 

EESISTANCE 

HEFOBE 

ACCLIMATI- 

ZATION 

EESISTANCE 
APTEE 1 
ACCLIMATI- 
ZATION 

ADAPTIVE 

MODIFI- 

CATION 


lai 

0.470 

1.140 

4-0.670 


la2 

0.422 

1.080 

40.658 


lb, 

0.500 

1.145 

40.645 


lb2 

0.477 

1.090 

40.613 


2ai 

0.525 

1.165 

40.640 


2a2 

0.458 

1.230 

+0.772 


2bi 

0.480 

1.240 

40.760 


2b2 

0.485 

1.100 

40.615 


3ai 

0.480 

1.195 

40.715 


3a2 

0.465 

1.120 

40.655 


3bi 

0.520 

1.015 

40.495 


3b2 

0.520 

1.230 

+0.710 


4ai 

0.520 

0.900 

40.380 


4a2 

0.540 

1.210 

40.670 


4bi 

0.507 

1.130 

40.623 


4b2 

0.510 

1.105 

40.595 


5ai 

0.550 

1.160 

40.610 


5a2 

0.430 

0.990 

40.560 


5bi 

0.455 

1.125 

1 40.670 


5b2 

0.430 

1.200 

40.770 

Average of 20 isolated 
clones 

0.487 

1.129 

+0.642 

Mixed population 

No. 1 

0.487 

1.230 

+0.743 

Mixed population 

No. 2 

0.487 

1.245 

+0.758 


climatized to the increased salinity of the medium 
various isolated clones, and also cultures consisting 
of all these clones combined together. We have 
always observed that salt resistance of individuals 
from a mixed culture approaches that of the most 
resistant strains entering into its composition. It 
was hence concluded that these most vigorous 


strams survived in the mixed culture, and that the 
whole population consists of them alone. 

Tables 6 and 7 show the data obtained. In P. 
aurelia the average resistance to salinity of 20 
separately acclimatized clones attains 1.129. If 

TABLE 7 

Resistance to salinity in various clones of P. caudatum 
before and after rapid acclimatization 
to 0.36 per cent of salinity 


The test was made on the 30th day from the begin- 
ning of the experiment. 


NUMBEE OF THE CLONE 

EESISTANCE 

BEFOBE 

ACCLIMATI- 

ZATION 

RESISTANCE 

AFTEE 

ACCLIMATI- 

ZATION 

ADAPTIVE 

MODIFI- 

CATION 

41ai 

0.40 

0.57 

+0.17 

4132 

0.38 

0.59 

40.21 

41bi 

0.41 

0.57 

40.16 

41b2 

0.41 

0.56 

40.15 

42a, 

0.41 

0.56 

40.15 

42a2 

0.40 

0.52 

40.12 

42bi 

0.37 

0.60 

40.23 

42b2 

0.34 

0.51 

40.17 

44a, 

0.38 

0.54 

40.16 

44a, 

0.37 

0.55 

40.18 

Average of 10 isolated 
clones 

— 

0.557 


Mixed populations . . . 

-- 

0.620 



MiwtJ cufiurts 



1.0 /,/ 1,1 (3 

l^esi’stinct after dccUmatfation 


Fig. 10. Variation in Salt Resistance after Accli- 
matization IN 20 Separate Clones of P. aurelia 
M is the average salt resistance of 20 isolated clones. 
Continuous vertical lines show the resistance of 
mixed cultures. 

there were no natural selection at the time of ac- 
climatization of mixed cultures, such would be also 
the resistance of a mixed population, so far as at 
the beginning of the experiment it consisted of 
members of 20 separate clones mixed in equal num- 
bers. The observation shows, however, that the 
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resistance of an acclimatized mixed population is 
greater and makes 1.230 and 1.245. This is also 
evident from Fig. 10, which shows the variation in 
salt resistance after acclimatization in 20 separate 
clones of P, aurelia. The resistance of individuals 
from a mixed culture approaches that of the several 
most vigorous clones. It is hence evident that 
these clones alone survived natural selection in a 
mixed population. The same story is repeated in 
the cultures of another species, P. caudatum. 
Table 7 shows that the average salt resistance of 
10 isolated clones of this species is 0.557, but the 


vived in the mixed culture. The names of the 
survived clones being thus known, it was easy to 
calculate their average initial resistance to salinity. 
In a similar way we calculated the average adap- 
tive modification for aU the isolated clones of 
paramecia, and on the other hand, the average 
adaptive modification (from the figures of isolated 
clones) of those which remained in the composition 
of the mixed culture. 

The results of such calculations for populations 
of P. caudatuin are given in Table 8. It is clear 
that the average initial salt resistance of those 


TABLE 8 


Resistance to salinity and quinine solutions in Paramecium caudatum and P. aurelia 


TIME IN DAYS 
Ir 7S01I THE 
BEOIMNIKO 
or ACCL1MA> 
TIZATION 

EESI8TANCE ATTES ACCXDCATIZATION 

RESISTANCE BEFORE ACCLIMATIZATION 

ADAPTIVE MODIFICATION 

Average for 
isolated 
clones 

Average for 
mixed 
population 

Increase of 
mixed 
population 
m per cent 

Average for 
isolated 
clones 

Average for 
clones sur- 
vived in 
mixed culture 
(by calcula- 
tion) 

Increase 
of mixed 
population 
m per cent 

Average for 
isolated 
clones 

Average for 
clones sur- 
vived in 
mixed culture 
(by calcula- 
tion) 

Increase of 
mixed 
population 
in per cent 


P. caudatum: Salt resistance 


30 

0.567 

0.625 

4-10 

0.384 

0.375 

-2 

0.183 

0.238 

+30 

25 

0.523 

0.595 

+ 14 

0.352 

0.345 

-2 

0.171 

0.210 

+23 

27 

0.583 

0.640 

+10 

0.428 

0.432 

+1 

0.155 

0.182 

+17 

56 

0.954 

1.000 

+5 

0.438 

0.424 

~3 

0.516 

0.610 

+18 

61 

0.893 

0.960 

+7 

0.393 

0.392 

0 

0.500 

0.528 

+6 




P. 

aurelia: Salt resistance 





20 

1.129 

1.237 

+9.5 

0.487 

0.485 

-0.4 

0.642 

0.737 

+ 15 


P. caudatum: Resistance to quinine solutions 


33 

0.00496 

0.00510 

+3 

0.00387 

0.00386 

0 






25 

0.00411 

0.00445 

+8 

0.00321 

0.00330 

+3 


-— 

— 

27 

0.00449 

0.00540 

+20 

0.00321 

0.00343 

+7 

— 

— 

— 

28 

0.00452 

0.00500 

+11 

0.00347 

0.00358 

+3 

— 

— 

— 

58 

0.00981 

0.01020 

+4 

0.00379 

0.00405 

+7 

0.00602 

0.00543 

-11 


resistance of individuals from a mixed population 
attains 0.620. 

An attempt was made to investigate the point 
whether the clones that survived possess strong 
initial salt resistance, or whether they exceed 
others in the capability for adaptive modification. 
We have consequently performed the following 
calculations. In each series of experiments the 
resistance of an acclimatized mixed population 
was compared with the resistance of all separately 
acclimatized clones. From such a comparison it 
was determined which clones most probably sur- 


clones which survived in mixed cultures is some- 
what below the average initial resistance of the 
whole group of clones. On the other hand, the 
adaptive modification of survived clones much 
exceeds the average adaptive modification of all 
the clones. A similar picture is recorded for 
P. aurelia. 

On the basis of the data given in Table 8 it is 
possible to conclude that in the acclimatization of 
paramecia to the gradually increasing salinity of 
the medium, natural selection of the clones actu- 
ally occurs with powerful adaptability but rela- 
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tively weak initial adaptation. Natural selection 
contributes to further increase of adaptability by 
casual inherent variations in that direction. In 
this way the preliminary conclusions of the previ- 
ous section of this article made on the ground of 
study of total salt resistance, and of its fractioni- 
zation into constituent adaptability and adapta- 
tion in various isolated clones, are entirely con- 
firmed by the direct study of natural selection in 
mixed cultures. 

What, however, occurs in the case of adaptation 
of P. caudatum to dilute solutions of quinine? 
Table 8 shows that there is a clear selection in 
mixed cultures for great total resistance, so far as 
the resistance of the acclimatized population ex- 
ceeds the average resistance of isolated clones. 
In distinction from adaptation to salinity, a great 
initial resistance of a clone to the action of quinine 
guarantees to it some advantage in natural selec- 
tion. This conclusion directly follows from the 
fact that the average initial resistance of the clones 
survived in mixed cultures exceeds the average 
resistance of all the isolated clones. On the other 
hand, the magnitude of adaptive modification of 
survived clones is by 1 1 per cent behind that of all 
the clones studied. This again confirms the con- 
clusions of the previous section. 


SUMMARY 

The relation of adaptability to adaptation 
within the population of one and the same species 
is negative, i.e. the stronger the initial inherent 
adaptation the weaker is the adaptability, and vice 
versa. This conclusion follows from observations 
on unicellular organisms, but it was shown to 
agree well with the data obtained in the work with 
other animals. 

In the adaptation of animals to gradually chang- 
ing environmental conditions, the magnitude of 
genetic diversity in the adaptability of different 
individuals in a population is very important as 
compared to the magnitude of diversity of the 
same individuals in their inherent initial strength. 
In the case of adaptation of P. caudaium and P. 
aurelia to the increasing salinity of the medium, 
the larger part of total adaptation is due to 
adaptability. The clones that survived in mixed 
cultures are here weak in the initial strength but 
powerfully adaptable. On the other hand, in the 
case of acclimatization of P. caudatum to dilute 
solutions of quinine, adaptability is low as com- 
pared to magnitude of inherent diversities of 
various clones in the initial resistance. It is con- 
sequently the profound initial strength which is 
important for the survival of a clone in the mixed 
culture. The survivors here are well adapted but 
poorly adaptable. 
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THE PHYLOGENY OF SOCIAL NESTING HABITS IN THE 

CROTOPHAGINAE 

By DAVID E. DAVIS 

Biological Laboratories ^ Harvard University 


INTRODUCTION 

T IHE reproductive behavior of birds is 
based on the construction and mainte- 
nance of a nest. Normally a male and a 
female select a nest site and build a com- 
plicated structure for raising the young. 
Although nesting behavior is not limited to birds, 
nevertheless the habits reach their climax in 
variety and complexity in this class. The varia- 
tions in nesting behaviors are innumerable and 
frequently demonstrate phylogenetic sequences. 

The Crotophaginae, one of the six subfamilies 
of Cuckoos, has developed the unusual habit of 
building communal nests in which several fe- 
males lay eggs. The phylogeny of this remarkable 
system of raising young is the subject of this paper. 
The family Cuculidae as a whole shows a tendency 
to develop peculiar breeding habits. Of the ap- 
proximately 200 species of Cuculidae, about 80 are 
parasitic (Makatsch, 1937), representing two of the 
six subfamilies. This parasitism is found in several 
stages of development. Some species perhaps 
are just starting on the road to parasitism; for 
example the eggs of the YeUow-billed Cuckoo 
{Coccyzus americanus) have been found in the 
nests of at least 12 species of birds (Herrick, 1910). 
Other species are always parasitic. The least 
specialized of these lay eggs in the nests of numer- 
ous species. In other cases, as represented by the 
European Cuckoo (Cuculus canorus)^ the birds are 
individually host-specific (Friedmann, 1928a). 
Thus individuak of the species each parasitize 
particular host species, although in the same region 
other individuals may lay eggs in nests of other 
host species. The climax has been reached by 
certain species, such as Eudynamis honor ala^ which 
parasitize only one species in a region. The Croto- 
phaginae, however, instead of developing para- 
sitism as other cuckoos have done, have specialized 
in the direction of social nesting habits. 


Before considering the background of the subject 
let us now proceed to review briefly the subfamily 
Crotophaginae. This group of birds consists of the 
monotypic genus Guira and the genus Crotophaga^ 
the latter represented by three species: major , 
sulcirostris, and ani. The distribution of the sub- 
family extends from Rio Negro in Argentina north 
throughout the West Indies to Florida and 
throughout Central America to Texas. The birds 
have noisy, ostentatious habits and everywhere are 
abundant and conspicuous members of the avi- 
fauna. 

At this point, in order to orient the reader, a 
brief description of the behavior of the species is 
inserted. All four species of the subfamily possess 
the same general behavior patterns and for the 
purposes of this paper may be described in general 
terms. The species prefer fairly open and moist 
habitats and are conspicuous in behavior, all 
using loud notes and making no effort to conceal 
themselves. The birds associate in" flocks of 
about a dozen individuals, spending the days to- 
gether and sleeping in the same tree. Each flock 
defends its territory by fighting. At the breeding 
season members of the flock cooperate in the build- 
ing of a single nest in which several females may 
lay eggs. The males asrist in the construction of 
the nest and in the care of the young. After the 
breeding season the young stay with the flock for a 
variable length of time and may help in the care of 
the next brood, and may even breed with the 
colony the next Season. During the non-breeding 
season the birds tend to congregate in moist areas 
where insects, their favorite food, are most abun- 
dant. The composition of the flock varies over a 
period of time; a bird may leave, or, after a period 
of fighting, join the group. In connection with 
the flock behavior are many calls and actions which 
are of value to the group as a unit. 

These species, whose behavior has been briefly 
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described, show the development of a system of 
social nesting. The phylogeny of breeding habits 
within a group of animals is usually obscured by 
the extinction of some of the species which repre- 
sent stages in the development. This situation 
makes it necessary to speculate and to reason from 
analogy. In some cases, however, the evolution 
of behavior may be traced through a small group 
of closely related species, as Friedmann (1929) 
has done in the Cowbirds. The Crotophaginae is 
another group of birds in which we are able to 
trace the steps in the evolution of a peculiar t 3 ^e 
of breeding habits, as this paper endeavors to show. 
The phylogeny of other groups of animals has been 
studied from the behavioristic viewpoint, for 
example, the ants in Wheeler’s classic studies 
(1923, 1928). Emerson (1938) analyzes the nests 
of termites to trace the behavioristic and evolu- 
tionary sequences. 

In discussing the evolution of any particular 
condition in animals it is customary to seek 
“causes” which determine the “effect.” This 
principle of Cause and Effect, however, encounters 
numerous philosophical difficulties and in biology 
is further complicated by the simultaneous action 
of several factors. For the purposes of this paper, 
then, we shall not discuss any cause of the develop- 
ment of social nesting habits but merely state the 
conditions under which the breeding behavior 
evolved. From the evidence here presented it 
will be seen that social nesting habits are the logical 
outcome of these conditions and that, in this case, 
were any one of the several factors lacking, the 
habits probably could not have developed. These 
same habits, of course, probably could have re- 
sulted from a different evolutionary history. In 
addition it should be noted that the unusual social 
nesting, as found in the behavior of Crotophaga ani^ 
is the result of a combination of situations, no one 
of which is in itself unusual, but all of which when 
combined, permit the social nesting. These 
various conditions may be regarded as conductive 
to the development of the habit. Throughout this 
paper examples of other species will be cited to 
show that none of the particular behavior patterns 
is unique but that all occur in one or more groups 
of birds. 

Before considering in detail the behavior of the 
birds, it is desirable to discuss some features of 
their anatomy and then their geographical distri- 
bution. In their internal anatomy the various 
species show no significant differences. Of the 


external features the development of the keel on 
the bill in the members of the group is spectacular. 
Guira has a typical cuculine bill but the genus 
Crotophaga has developed a large thin keel on 
the bill. In Crotophaga major the keel extends 
one-half way to the tip of the bill and in C. ani 
the keel is high and thin, extending to the tip. In 
C. sulcirostris the keel is grooved. In coloration 
Guira is again obviously the most closely allied to 
to the other cuckoos. Its body feathers are white 
but the tail, wings, and head are streaked with 
brown and some black, giving the appearance of a 
brown bird; a notable feature is the crest of feathers 
on the head. The genus Crotophaga is uniformly 
black, with a different amount of blue irridescence 
in the plumage of each species. Both major and 
ani have a remnant of the crest otf the head as 
shown by a few feathers which are slightly longer 
than the others. The evidence from the external 
features indicates that Guira is positively the 
more primitive genus and that within the genus 
Crotophaga ^ C. ani is probably the most evolved. 
The development of the bill and the black color 
and the reduction of the crest are evidence of 
evolution within the group. 

Concerning the geographical distribution of the 
subfamily it may be said that the group is either 
very young or more probably has been unable to 
spread very far because of a lack of ability to adapt 
itself to colder climates. Guira is found in Brazil 
and Argentina. C. major is found from northern 
Argentina through Brazil to Panama. C. suL 
cirostris occurs on the west coast from northern 
Peru through Central America to Texas. C. ani 
is the most widespread, occurring from northern 
Argentina to Yucatan and Florida and also through 
the West Indies. This distribution suggests a 
gradual dispersal from the highlands of Brazil. 

With this introduction as a background we shall 
now consider the phylogeny of behavior. A pre- 
liminary section brings together notes on compara- 
tive behavior within the subfamily and reference 
to problems of discrimination and to “releasers”. 
The stages in the evolution of social nesting are 
next analyzed. The development occurs at three 
levels, represented by the species (1) Guira guira, 
(2) Crotophaga major, (3) C. ani and C. sulcirostris. 
The primary factors conducive to the development 
of social nesting habits are (a) modification of 
territorialism (b) aberrant breeding, (c) the type 
of habitat. These three levels of development will 
be analyzed in a separate section for each of the 
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above factors. Finally there is a discussion of the 
phylogeny of behavior within the group and its 
general relation to social parasitism. 

COMPARATIVE BEHAVIOR OF THE CROTOPHAGINAE 

The author has had the opportunity to observe 
the same species in very distant parts of its geo- 
graphical range. The study of a species in one 
particular locality may be misleading because of 
certain local mannerisms. Since studies of the 
same species of bird, carried out by the same ob- 
server in widely separated places, are rare, these 
data are considered worth reporting in some detail. 
The following notes are recorded in order to afford 
a comparison of the habits of Crotophaga ani in 
British Guiana and in Argentina with the habits 
of the species in Cuba (Davis, 1940a). 

In British Guiana each flock strictly maintains a 
territory exactly as in Cuba. However, the vege- 
tation of certain areas permits an apparent varia- 
tion in behavior. For example, along the Abaiy 
River are occasional open areas of savanna, always 
surrounded by rain forest. Many of these areas 
are not large enough for more than one group of C. 
ani and hence in these cases no territorial fighting 
can appear between groups, for there are no neigh- 
bors with whom to fight. However, the occa- 
sional stranger is driven out by fierce fighting. 
Another modification of the territory is that C. 
major is permitted to share the territory. Cer- 
tainly there is competition for food between the 
two species. 

The colonies found in Guiana were smaller than 
many found in Cuba. For example, on July 13, 
1939, I found a colony with five adults and a 
nest containing one young bird. Another colony 
containing six adults had three young, two weeks 
old. A month later I found a colony with four 
adults (two females, one male, one of unknown 
sex) and a nest containing four young ready to 
leave the nest. It should be noted that in these 
groups probably only one female laid in each nest, 
for in no case were there more than six young birds. 

Observations on C. ani were made also near 
Saladas in the Province of Corrientes in Argentina. 
Here the species is not sufliciently abundant to 
show- territorialism clearly. One group of birds 
(12), including some juveniles, inhabited a par- 
ticular area, near a small marsh. Also another 
colony, consisting of three adults, had a nest with 
three young. Several times an individual or two 
of Guira guira came near and even perched in the 


same tree with an individual of C. ani without 
causing the latter to show defense of the territoiy. 
Again it is of importance that, as in British Guiana, 
the territory is not defended against a species so 
closely related, both taxonomically and ecologi- 
cally. In summary it may be said that in the 
general activities, as well as in the particular habits 
mentioned above, the behavior of C. ani is the 
same in British Guiana, in Argentina, and in 
Cuba. ^ 

Correlation of anatomy and behavior 

An interesting relationship between anatomy 
and behavior is shown in the Crotophaginae. It 
is considered that a display behavior develops be- 
fore the particular structure used in the display; 
the wing marks of the ducks are the classic ex- 
ample. Lorenz (1935) describes the uses in herons 
of certain structures for elaborate display. Chap- 
man (1935) calls attention to the fact that a 
manakin of Brazil {Ckiroxiphia) has an elaborate 
dance but no special structure such as is found in 
other members of the family. A corollary of this 
principle is that the structure remains after the 
behavior has disappeared. The development of 
the crest in the Crotophaginae may be an example 
of this corollary. The large crest of Guira is 
raised in alarm and also when the alarm rattle 
is given. C. ani has no such alarm note but has 
retained some feathers on the head which are 
somewhat longer than the nearby ones. This little 
crest is never used. This retention of a structure 
after the behavior is lost follows naturally from the 
fact that the structure is developed after the 
behavior. 

Conspicuous buccal markings are found in the 
nestlings of Guira and also of C. major. In C. ani 
these markings are present but much less distinct. 

Social behavior 

The similarity of the call notes throughout the 
group is of interest. C. ani has the most varied 
vocabulary and is the most social. The alarm call 
of C. major greatly resembles the rattle alarm of 
Guira. But the most noteworthy is the re- 
semblance of the flight flock call, the note used to 
notify other members of the group of the move- 
ments of one individual. In Guira the note is 
weak and indistinct. In C. ani the note is nearly 
identical in pitch but is very loud and harsh. The 
use is the same in both cases. The flight flock 
call of C. sukirostris is of the same pattern. The 
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notes used in mating are in the whole group a uni- 
form series of soft whines. 

The Crotophaginae agree with most other birds 
in having two calls to indicate danger. The 
'alarm’ call notifies the members of the group of a 
walking enemy or suspicious situation. The 
'danger’ call is used to warn of an approaching 
hawk or other flying predator. Many species of 
birds have this separation by call of the types of 
danger. Makkink (1936) found in the Avocet 
(Recurvirostra avocetta) that there was one call 
for the chief enemy, the gulls, and another for all 
other enemies. 

Social behavior has nearly always developed 
coincident with an extension of the time the young 
remains with the adults (cf. ants, wasps, and 
humans). In the Crotophaginae, however, there 
is no evidence that social nesting or flock behavior 
is a result of this extension. Nevertheless it is of 
great interest that the young of one brood have 
been observed feeding the young of the second 
brood in C. ani (Davis, 1940a) and also in C. 
siddrostris (Skutch, 1935). Furthermore, as 
Skutch points out, it is not unusual for unmated 
birds of many species to assist at the nest. Skutch 
(1940) found that the young of some wrens remain 
with the adults and even feed the young of the 
succeeding brood. According to Leach (1925), 
the young California Woodpeckers {Balanosphyra 
formidvora) also feed the young of the second 
brood. Thus we see that the cohesion of the 
family in several species of birds is the result of 
communal nesting, but not the cause. 

The type of peck order or social hierarchy is of 
great importance in a social group. In the Croto- 
phaginae no suitable behavior was found which 
could be used to rank the birds. While feeding, 
contests for juicy morsels occasionally occurred 
but showed no peck order. Lorenz (1938) points 
out that when there is a rigid peck order in colonial 
birds only one pair can raise young. In the 
Jackdaws {Coleus monedida) this situation is over- 
come by the fact that the despot pecks only the 
nearest in rank. In the Crotophaginae if a peck 
order occurs, a similar situation probably obtains. 

Discrimination 

Under the term, discrimination, many problems 
of animal behavior are grouped. The problem in 
general is to analyze a series of behaviors to deter- 
mine which characteristics of the stimulating ob- 
ject act on which sense organs of the reacting ani- 


mal to influence a subsequent behavior. In 
birds the stimulating characteristics are usually 
some morphologic or behavioristic element. The 
reacting organs are generally visual or auditory. 
In this paper is discussed the evidence concerning 
the discrimination of three of the many objects 
occurring in the bird’s life, namely, the sex-partner, 
other individuals of the species and the boundaries 
of the territory. 

The evidence concerning the discrimination of 
the sex-partner is meager. The problem is to find 
out what features of a bird are the clues which 
make possible the determination of the sex. In 
appearance the sexes are identical in all species of 
Crotophaginae except that the male is larger. 
Experiments with dummy birds were performed 
on Crotophaga ani. These dummies were museum 
skins arranged to resemble a live bird. In most 
cases the birds attacked the dummies as if they 
were live invaders of the territory. Sometimes 
after the dummy had been in one place a long time 
the owners of the territory ignored it. Decoy 
(live) birds, placed in a trap in order to catch the 
birds, were treated exactly like strangers and 
killed in a short time. Young birds, however, were 
ineffective as decoys because the adults did not 
respond in either a helpful or an antagonistic 
manner. The above evidence suggests that the 
Crotophaginae belong to the “labyrinth fish” 
type of mating reaction according to the classifica- 
tion of Lorenz (1935). In this category the dis- 
play of the male develops into fighting except when 
the stranger shows female behavior. However, 
the assignment of the Crotophaginae to this cate- 
gory depends on insujfi&cient evidence. In no case 
was “female behavior” observed to result in a 
cessation of fighting. This is, of course, not con- 
tradictory evidence but merely lack of evidence. 

An important modifying condition is the rela- 
tionships imposed on the individuals by the flock 
organization. It seems likely that an individual 
must be admitted to the flock before it can be 
eligible for pairing. If this is true then all the 
fighting observed was in reference to membership 
in the flock and none in reference to the sex- 
partner. If this is the case then we must admit 
that we have no evidence as to the method of 
discrimination of the sex-partner. 

Another problem is to determine which sense 
modalities are used in discrimination of other 
members of the species or of other species. There 
is no doubt that each member of the flock knows 
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individually every other member of the group. 
(Cf. Davis, 1940a, 1940b, 1941a.) The problem 
is to determine which sense modality is used in 
this discrimination. A natural experiment occurs 
in the presence of the species Ptiloxena alroviolacea^ 
an entirely black Icterid about one-third smaller 
than Crotophaga ani, C. ani persecutes this species 
and drives it from the territory. The behavior 
towards Ptiloxena consists of the same series of 
patterns used against an intruder of the Crotophaga 
species. Another black species in the region, the 
rare Corvus nasicus, was seen only once and at 
that time was being persecuted by a group of 
Crotophaga ani, Holoquiscalus niger, another 
Icterid, was not observed to be persecuted — a 
situation probably due to the ecological separation 
of the habitats. As further evidence it may be 
noted that, according to the natives of Cuba, 
albino birds live with the flock in a normal manner; 
the writer never observed an albino bird. The 
above facts, showing that black birds of other 
species in addition to dummy birds are attacked, 
suggests that the discrimination is by means of 
vision and not by audition. That the auditory 
sense modality is used in certain species is shown 
by the work of Noble, Wurm, and Schmidt (1938) 
who found that herons {Nycticorax nycticorax) 
recognize their sex-partners by voice. Experi- 
ments with mirrors (Davis, 1940a) show that 
individuals of Crotophaga ani do not recognize 
themselves but fight against their own image. 
This evidence eliminates the olfactory sense 
modality, already improbable, from consideration. 

Now, having outlined the evidence and suggested 
the conclusion that these birds utilize the visual 
sense modality for the discrimination of other 
individuals, it is necessary to consider what char- 
acteristics of the stranger stimulate the reacting 
bird. In general the problem is to determine 
whether behavior or physical appearance is the 
basis of discrimination. The evidence from the 
reactions to Ptiloxena and to the dummies sug- 
gests the conclusion that strange birds are recog- 
nized not by their behavior but by their appear- 
ance. Were behavior the means of discrimination 
only birds which behaved in a certain manner 
would be attacked. But birds are driven out which 
resemble Crotophaga in appearance although their 
behavior has no resemblance to that of an invading 
bird. The tolerance of C. major by C. ani in 
Guiana is an apparent exception which may be 
explained by assuming that the ani have learned 


to recognize the major as individuals. It must be 
remembered that for the moment we are concerned 
with the recognition, not of the sex-partner, but 
of a stranger. Nevertheless, the data pertaining 
to the recognition of a sex-partner are useful in 
an attempt to analyze the situation in the Croto- 
phaginae. Referring to other species, the King- 
birds {Tyrannus tyrannus) (Davis, 1941b) drive 
from their territory birds of various species whose 
behavior varies greatly and whose only common 
characteristic is an appearance different from that 
of the female. Tinbergen (1939) refers to errors 
of identification by the Snow Bunting (Plectro- 
phenax nivalis). In these cases the behavior of 
the female is of the type which should indicate 
that she belongs in the territory. However, the 
male does not recognize the physical features of 
his mate and starts to fight until her features are 
recognized. Tinbergen also found that the male 
Bunting requires some time to learn to recognize 
his mate and until that time threatened her when- 
ever she came into his territory. Lorenz (1935) 
states that a young bird must learn a certain 
number of characteristics of the parent before 
becoming able to recognize and thus not threaten 
it. The Jackdaw is a species which certainly 
does recognize the individuals of the flock by 
appearance, not by behavior. Also, Lorenz points 
out that the social life of birds differs from that 
of insects because there is a personal recognition 
of the individuals in the group. Noble and Vogt 
(1935) found that some species {AgelaiUs phoeni- 
ceus and Geothlypis brachydactyla) which differ in 
the plumage of the sexes, recognize the female by 
physical appearance. Noble (1936) carried the 
work further and found that the ‘moustache’ of 
the Flicker {Colaptes auratus) was necessary for sex 
recognition. In contrast, other species, which 
frequently are identical in the plumage of both 
sexes, recognize individuals by behavior (Noble 
and Vogt, 1935). Lorenz (1935) found that young 
herons recognize their parents by behavior. This 
evidence from other species suggests the possi- 
bility that even in the Crotophaginae the initial 
recognition of a stranger is by means of the be- 
havior of the individual. This suggestion is sup- 
ported by the work of Noble and Curtis (1939). 
In the Jewel Fish {Hemichromus bimacidatus) the 
sex of a stranger is recognized initially by behavior 
but after pairing the mates recognize each other 
by individual characteristics of appearance. In 
the Crotophaginae it is difficult to determine 
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esEactly what the behavior might be which would 
indicate that a strange bird is not a member of the 
group. However, the lack of knowledge of the 
territory may be noticable to the owners. Then 
on dose inspection the owners may see that the 
bird is a stranger and drive it out. Also there is 
the possibility that a lack of certain positive 
behavior patterns identifies a bird as being a 
stranger. 

In addition to the question of discrimination of 
individual birds there is the problem of the dis- 
crimination of the boundaries of territories. The 
birds remain so strictly in their own territory that 
there must be an exact knowledge of the very trees 
and shrubs which mark the edge. In Cuba it was 
most amusing to watch the members of a group 
follow the electric mowing machine which the birds 
had learned was a source of an easy meal of insects. 
Each group followed the machine to the exact 
boundary of the territory but did not trespass 
beyond, in spite of the strong attraction of food. 
The birds clearly recognized the individual trees 
or bushes which marked the boundary. 

Members of the Crotophaginae are able to 
recognize individuals which seem identical to the 
human observer. Yet these same birds are unable 
to recognize that such a bird as Ptiloxena is of 
another species. These facts suggest a conflict in 
the interpretation. It seems likely that this 
apparent discrepancy may be resolved by a 
consideration of the probability that birds learn 
one or two special characteristics of each individual 
bird and unless these are present, consider the 
individual to be a stranger. Lack (1939) found 
that only a few characteristics of the English 
Robin (Erithacus rubccida) were required to cause 
the owner of the territory to attack a dummy. 
In humans the ready deception accomplished with 
disguises shows how very few marks we need to 
recognize our friends. 

Releasers 

The fact that a certain few characteristics are 
used to discriminate among individuals of the 
same species is further evidence that social be- 
havior is largely controlled by specific combinations 
of special stimuli. These stimuli are anatomical 
structures or behavior patterns which are in them- 
selves unusual or are combined in unusual behavior 
sequences. Such sequences are of so improbable 
a nature that they do not occur in the experience 
oi the species except under the proper circum- 


stances. Therefore, the automatic and inflexible 
response to the stimulus occurs only at the proper 
time. Such stimuli or series of stimuli have been 
called releasers (Von Uexkill and Lorenz) or sign- 
stimuli (Russell, 1934). The studies of the 
Crotophaginae have provided examples of several 
releasers which it is proposed to mention at this 
time. On one occasion a dove {Zenaidura mch 
croura) fluttered off her nest, performing typical 
injury-feigning, right into the midst of a group of 
anis. The birds at once acted toward the dove 
as if it were a wounded individual of their own 
species. They crowded around the dove, fluttered 
and used a chuckle note. They did not use the 
‘conk’, a note uttered while attacking a stranger. 
As another example the mutual preening has many 
of the characteristics of releasers.' The moment 
that the bill of one bird touches the neck of its 
neighbor the neck is raised and the feathers fluffed 
out. This occurs in all species of the subfamily. 
This action may be no more than a simple reflex. 
The feeding of the young of the second brood by 
the young of the first brood is probably a social 
companion action. It is possibly released not by 
the young in the nest but by the action of the other 
adults. 

The imperfections of releasers are probably as 
informative as the perfections. Witness the in- 
teresting conflict between the response to the 
alarm call and the strict observance of the bound- 
aries of the territory. When the investigator 
disturbed a nest, the alarm call was used and the 
birds from nearby groups came near but they never 
passed the boundaries of the territory although it 
was obvious that the alarm call was a strong attrac- 
tion. As another example of an imperfection of 
rdeasers, individuals of the Mockingbird {Mimus 
polyglottos) were able to mimic the alarm call and 
released the alarm behavior of the nearby anis. 
This observation shows that the discrimination 
was not very exact for even the writer could dis- 
tinguish after short practice between the mocker 
and the true alarm note. 

MODIFICATION OF TERRITORIALISM 

The concept of territorialism has developed from 
attempts to interpret various types of fighting 
behavior of animals. This concept has had great 
heuristic value and in addition has clarified the 
interpretation of the behavior of many species. 
In other species (Cowbirds) the analysis of the 
manifestation of territorialism has suggested a 
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possible course of phylogeny of behavior. It is 
now proposed to present the relation of terri- 
torialism to the phylogeny of behavior in the 
Crotophaginae and then take up the modifications 
of the concept as suggested by the behavior of the 
Crotophaginae. This chapter emphatically is not 
a critique of the theory of territorialism or of the 
many criticisms of the concept. 

In all the species of the subfamily the colony 
owns a territory which consists of two distinct 
parts. One of these is a clump of trees for sleeping 
and the other an area of fairly open land for feed- 
ing. From this territory, in general, other mem- 
bers of the species are expelled. Among the 
species, however, certain differences exist. Guira 
guira defends its territory only slightly; numerous 
intrusions are permitted, although on some occa- 
sions birds are violently driven out. The colony 
lives in a large but nevertheless definite area, and, 
since it is defended, it can be called a true territory. 
The important point is that within this colonial 
territory one or two pairs may have their own small 
territories. One or more pairs may separate from 
the colony and build a nest, setting up around this 
nest a territory from which intruders are expelled. 
However, the defence of this small territory is not 
vigorous and in many cases other birds of the 
colony use the nest, thus producing a communal 
nest. This weak defence of the territory has thus 
permitted social nesting. 

In Crotophaga major the development of social 
nesting has continued. The birds remain in pairs, 
all cooperating to build one nest in which several 
females lay eggs. Probably not all females lay 
eggs at the same time and also probably a single 
pair does occasionally build a nest and raise young. 
The colony defends the territory for the whole 
group, although weakly. Lack of defence is prob- 
ably more apparent than real and depends on a 
mutual understanding. Such behavior occurs in 
other species. For example R 3 rves (1929) found 
that in Redshanks (Totanus totanus) ^^once an 
individual territory has been definitely secured by 
a pair of birds and approved by the other pairs of 
the same species, a distinct mutual understanding 
if not friendship developed among them.’’ 

In Crotophaga ani the communal nesting has 
reached its climax. Each colony defends its terri- 
tory most aggressively and without exception 
attacks strangers. The marital relations are very 
flexible. Polygamy is the general rule for it is 
certain that in some cases polyandry occurred and 


in others polygyny prevailed. Yet in some groups 
monogamy was strict and there was no dissension 
among pairs. In one case a pair created a territory 
and defended it alone. Wetmore (1927) cites two 
instances in which he believed that a single pair 
built a nest. 

Crotophaga sulcirostris is apparently at the same 
level of development as C. ani. The observations 
of Skutch (Bent, 1940) indicate that the birds have 
the same marital relations as does C. ani. 

The phylogenetic development of social nesting 
coincides with the disappearance of territorial 
defence by the pair and the appearance of terri- 
torial defence by the colony. Other species have 
developed social breeding habits of several types, 
which can be roughly contrasted with the stages 
in the Crotophaginae. Several examples of these 
species will now be cited to illustrate for compari- 
son the three levels in the development of croto- 
phaginine social nesting. 

At the phylogenetic level of Guira may be cited 
the numerous species which spend most of the year 
in flocks but separate out into pairs for breeding. 
A few examples will suffice. Tinbergen (1939) 
found that Snow Buntings separated from the 
flock to acquire territory. The Oyster-catcher 
(Haematopus ostralegus) (Huxley, 1925) has a 
nesting territory but a common feeding ground. 
The coveys of Bob-white {Colinus virginianus) 
(Errington, 1933) break up in April to pair for 
breeding. These examples show that a weakened 
territorial defence by a pair under certain condi- 
tions could permit the flock to remain together 
and lead to communal nesting. 

Another bird shows the behavior at the level of 
C. major. In the species Yukina bruneiceps 
(Timaliidae), according to Yamashima (1938), 
“several pairs of birds join in building one nest.** 
His data for four nests show that four or six birds, 
laying two or three types of eggs, composed each 
flock. Corydon (de Schaunesee, 1928) may have 
similar habits. In addition a comparison with 
the Jackdaw (Lorenz, 1931, 1938) and the Rook 
(Corvus frugilegus) (Yeates, 1934) is instructive. 
In these species, although there is a colonial terri- 
tory, the strict maintenance of pair territories has 
prevented social nesting. Some Magpies {Pica) 
(Linsdale, 1937) live in similar colonies. The 
Weaver Finch, Philetarius^ (Friedmann, 1930) 
nests in colonies and the colony defends a territory. 
Some colonial birds have no colonial territory, as 
the Oropendolas {Zarhynchus wagleri) (Chapman, 



122 


TEE QUARTERLY REVIEW OF BIOLOGY 


1928). Thus a colonial territory does not neces- 
sarily result in communal nesting unless, among 
other contributing factors, the pair territory is 
weakened. 

At the level of the development of C. ani and 
C. suldrostris the breeding of the California Wood- 
pecker may be mentioned. The woodpeckers live 
in colonies and several pairs cooperate in excavat- 
ing a nest hole and raising the young (Leach, 1925; 
Ritter, 1938). Two Australian genera, Corcorax 
and Pomatorhinus (Friedmann, 1925) are reputed 
to nest communally. Thus at each level in the 
phylogeny of the Crotophaginae, examples from 
other groups may be cited, each with a different 
modification or weakening of the territorialism of 
the pair. 

Breakdown of territorialism in the Crotophaginae 

Before analyzing the factors responsible for the 
breakdown of territorialism within the Croto- 
phaginae, it is desirable to note the assumption 
that territorialism was originally present in the 
group. Territorialism is now considered to be a 
widespread phenomenon in the vertebrate classes. 
Breder (1936) has summarized the behavior of 
many fishes (Centrarchidae) and Noble (1938) and 
Noble and Curtis (1939) have analyzed the rela- 
tion of sexual selection to territorialism. In those 
fishes which build nests the male guards the nest 
site. When the female arrives and copulation 
occurs, the eggs are deposited. The male in many 
species guards the eggs and then the young until 
they are able to fend for themselves. The defence 
in these species has the characteristics of avian 
territorial defence and can be differentiated from 
sexual fighting as such. In the Amphibia data 
indicate that the male commonly has a calling and 
mating station but as yet these data are insufficient 
to be certain that this is analogous to the territories 
of birds. For lizards the work of Evans (1936, 
1937, 1938) and Evans and Clapp (1940) has 
shown that the species Anolis carolinensis main- 
tains a territory in accordance with the character- 
istics of avian territories. For birds, the evidence 
is overwhelming that most species are territorial. 
The reviews of Nice (1933) and Lack and Lack 
(1933) indicate the extent of the behavior. For 
the Cuculidae in particular, Makatsch (1937), 
Friedmann, (1928b) and Davis (1940c) indicate 
that territorialism is nearly universal within the 
group. Chance (1922) found that the female 
European Cuckoo will lay in an unusual fosterer’s 


nest rather than leave her territory. However, 
there are records of two females using the same 
territory ((josnell, 1932). Among the African 
Cuckoos, Friedmann (1928a) found that many 
parasitic species have territories which are de- 
pendent upon the availability of nests to parasitize. 
However, Lampromorpha has a faulty defence of 
territory and Eudynamis has lost the territorial 
instinct. Therefore, since territorialism occurs in 
most other cuckoos, we would seem justified in 
assuming that it was originally present in the 
Crotophaginae. The manner in which the be- 
havior patterns of territorialism were weakened 
and modified may now be considered. 

Several factors probably have contributed to 
the breakdown of territorialism for the pair. The 
first is that sexual fighting (fightiilg in relation to 
the sex-partner) is absent or extremely weak in 
the whole subfamily Crotophaginae. This situa- 
tion may have permitted freer relations between 
the various members of the colony and a loosening 
of the sexual bond. As to the origin of the lack 
of sexual fighting it may be suggested that a con- 
tributing factor is the habit of living in colonies, 
thus producing within the group an individual 
familiarity which precluded sexual fighting. A 
second factor which contributed to the breakdown 
of territorialism is the lack of a song. In most 
territorial birds song is one of the most effective 
methods of maintaining a territory. None of the 
subfamily has any note with the characteristics 
of song. The possession of a song might have 
prevented the breakdown of territorialism. 

Some observations on the defence of the territory 
deserve mention. According to the concept, the 
owners drive out birds of the same species. In the 
case of C. awi, other species, such as Corvus nasicus, 
and an entirely black member of the Icteridae 
{Ptiloxena) are driven out on all occasions. The 
defence of territory against the latter species must 
not be confused with the act of stealing eggs from 
the nests. The manner of stealing eggs differs 
in notes, in flight, and in flock behavior from the 
act of driving a Ptiloxena out of the territory. 
Although this species is smaller than C. ani never- 
theless this defence reaction is probably due to an 
error of identification of the individual. But on 
the other hand, in British Guiana where C. ani is 
quite as aggressively territorial, C. major is per- 
mitted to remain in the territory and even sleep 
within a few feet of some individuals of C. ani, 
C, major, to the human observer, more closely 
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resembles C. ani than does Ptiloxena yet apparently 
there is some feature which serves to distinguish 
the species. Errors of discrimination are common 
in other species. Song Sparrows (Melospiza 
melodia) (Nice, 1937), Kingbirds (Davis, 1941b), 
and the English Robin (Lack, 1939a) frequently 
drive other species out of the territory. In these 
cases the behavior is considered to be an exag- 
gerated territorialism. 

The observance of territorial boundaries differs 
among various species of birds. Thus, for ex- 
ample, there is variation in the reactions toward a 
predator. In C. ani when a predator (human, 
cat) comes to the nest tree of the colony the 
neighboring birds come near, attracted by the 
alarm call. But these neighbors do not enter the 
territory of the disturbed group. The attraction 
of the alarm call does not override the disposition 
to remain within their own territory. Some other 
species, as for example the Willet (Catoptrophorus 
semipalmatus) (Vogt, 1938), will go outside a terri- 
tory and cooperate in the pursuit of an enemy. 
Fautin (1940) found that the Yellow-headed Black- 
bird (Xanthocephalus xanthocephalus)^ although 
strictly territorial, cooperated to drive out preda- 
tors. L. Miller (1930) found that Homed Owls 
(Bubo virginianus) ignored humans when driving 
an invader out of the territory. 

Biological value of territory 

The function or biological value of the territory 
(as distinguished from the psychological cause of 
fighting) has been discussed at length in the litera- 
ture. Food supply is the most obvious function. 
It has been shown (Davis, 1940a) that in C. ani 
the size of the territory of different colonies which 
contain the same number of individuals varies 
greatly in the same ecological habitat. Further- 
more, in British Guiana, C. major may live within 
the territory of C. ani and certainly is a competitor 
for food. Food, then, is probably not an essential 
function of territory but an incidental result among 
these birds. As a matter of fact no function of 
territory in these species is clearly apparent other 
than the primary function, the provision of a 
mating station and nest site. It must be remem- 
bered, that the function of territory does vary 
greatly among various species. As an example of 
the possibilities of variation in the function of 
temtory, Skutch (1931) observed that in the 
Hummingbird, Amaziliay SO per cent of the nesting 
failure was due to the birds stealing material from 


other hummingbirds’ nests. Territorial defense 
would have prevented this robbery. The function 
of territory may even change during the year. 
Thus the Micheners (1935) found that in Mocking- 
birds (Mimus polyglottos) summer territory de- 
pended on the nest and was defended only by the 
male. On the other hand in the winter the male 
and/or the female may defend a territory for 
feeding purposes. In January the behavior 
changes from the winter to summer type of de- 
fense. This situation obtains in Shrikes (Laniidae) 
(A. H. Miller, 1931) and in the English Robin 
(Lack, 1939a). 

These variations in the function of territory 
emphasize the fact that to be of any value the 
territorial concept must be sufficiently broad and 
flexible to describe and integrate the behavior of 
many species of animals. Meise (1936) shows the 
great variation in function among different species 
by classifying territories under various headings: 
(1) the relation between the size of the territory 
and area (Lebensraum)^ (2) duration of territory, 
(3) number of birds using it, (4) biological function. 
This exhaustive analysis provides a basis for the 
classification of the territorialism of any particular 
species. Friedmann (1933) points out that species 
vary in expressing territorialism in time and space. 
Both must be considered. As Nethersole-Thomp- 
son (1934) suggests, territory operates in relation 
to the peculiar needs of the species. Even within 
the same species territorialism may vary. For 
example, Larus marinus (1. c. p. 23) is territorial in 
some areas and colonial in others. Territorialism 
is a means to success in reproduction and not an 
end in itself. The study of the nesting habits of 
the Crotophaginae furnishes further evidence that 
territorialism is a variable behavior and can not 
be rigidly circumscribed by a definition if the con- 
cept is to have any usefulness. The patent de- 
velopment within one group of closely related 
species of a colonial territory from a pair territory, 
emphasizes the usefulness of an inclusive term. 

Several attempts have been made to define 
strictly territorialism. These definitions are not 
in terms of function. Every definition presents 
only one point of view and thus automatically 
excludes many species. The latest attempt is the 
definition of Lack (1939a) in which he states that 
territory is an isolated area defended by one in- 
dividual of a species or by a breeding pair against 
intruders of the same species and in which the 
owner makes itself conspicuous. This definition 
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suffers from the same drawbacks as any definition 
of territorialism (cf. Davis, 1940a: 206). It is too 
narrow and excludes too many species from the 
concept. Colonial birds, such as the Jackdaws, 
Crotophaginae, Gulls (Kirkman, 1937), and the 
California Woodpecker are eliminated. Further, 
it excludes polygynous species such as Cassidix 
(Mcllhenny, 1937), Yellow-headed Blackbird 
(Fauntin, 1940), Euplectes (Lack, 1935), and 
lizards (Evans, 1938). This definition carries with 
it the tacit exception that an intruder of the same 
species which is a potential mate is not driven out 
and further it does not take into account several 
birds such as the Chickadee {Penthestes airicapillus) 
(Gdum, 1941) which defend a territory but do not 
make themselves conspicuous by song or position. 
For these reasons it seems preferable to align the 
concept of territorialism with such concepts as 
‘species* and not try to define it strictly. 

It is desirable to call attention to two principal 
types of fighting. Fighting in reference to the 
piece of land (territorialism) is the subject of this 
discussion. The fighting by the Crotophaginae 
in reference to the sex-partner has not been dis- 
cussed here for lack of evidence. This lack is 
probably due to the masking of sexual fighting by 
territorial fighting. The behavior of the Croto- 
phaginae shows clearly that the defense of territory 
is a separate element from sexual fighting. Fight- 
ing over the sex-partner does not enter into the 
motivation. The motivation is the defense of the 
nest and the piece of land. The whole colony 
defends the territory no matter what the sex of 
the defenders or intruders may be. It is becoming 
clear that the separation of the elements of terri- 
torial defense and sexual fighting should have been 
recognized earlier. The behavior of other species 
shows clearly that there are several causes of fight- 
ing among birds. For success in reproduction 
there are three principal reasons for defending the 
nest site: (1) Predators must be driven off; (2) A 
sex-partner must be secured and defended against 
other members of the species which attempt to 
obtain the partner; (3) A spot suitable for pairing, 
for placing the eggs, and for raising the young must 
be secured. It is proposed to restrict the term 
territorialism to the last-mentioned type of fight- 
ing. The most important separation is the dis- 
tinction between fighting over the piece of land 
and fighting in relation to the sex-partner. As 
examples in other species, Vogt (1938) finds that 
in the Willet the defense of territory gradually 


supersedes the defense of the female as the breeding 
period advances. Eventually sexual fighting is 
no longer necessary because territorial defense 
excludes all males. Defense of territory and of the 
female are the two causes of strife among Willets 
and often mask each other. Tinbergen (1939) 
describes the sexual fighting in the Snow Bunting. 
After the female arrives fighting increases and the 
male will fight outside the territory to defend the 
female. The birds drive away other birds of the 
same species, but, while the female fights for the 
male only, the male defends the female and also 
the territory. In this species territory defense is a 
behavior of the male only. These considerations 
demonstrate the variation in the causes of fighting. 
Territory is a very important cause and has been 
the subject of this discussion of the'Crotophaginae. 

It is now important to consider the origin of 
territorialism. Since the nest is the only factor in 
the bird’s economy which is fixed, it seems likely 
that the territorial defense originated from the 
defense of the nest site or mating station. This 
viewpoint is in agreement with data on other 
birds and vertebrates. Noble (1940) states that 
in primitive birds (Night Herons) territories retain 
their piscine function of being primarily a place 
where sexual bonds are formed. In fishes (Cen- 
trarchidae) the territory is the place where copu- 
lation occurs. Secondarily, the territory has 
become the place where eggs are laid and develop. 
Hubbs and Bailey (1938) found that the SmaU- 
mouthed Black Bass {Micropterm dolomieu) de- 
fends the nest and that copulation occurs only on 
the nest. Huxley (1914) found that in Great 
Crested Grebes {Podiceps cristata) coition occurs 
only on the nest. Venables and Lack (1934), in 
the same species, observed that territorial behavior 
is clearly correlated with the position of the nest, 
and again (1936) that territory is associated with 
the nesting platform. This situation resembles 
the behavior of fish greatly. Lack (1939b) states 
that the function of territory in the Blackcock 
(Lyrurm tetrix) is to reduce the amount of inter- 
ference between males at copulation. Schuz 
(1936) studying the White Stork states that “one 
often has the impression that it is first the nest 
that is defended and second the mate.” Fried- 
mann (1929) found that the Cowbird (Agelaioides 
badius) chooses the nest and then the territory. 
Also (1928a) he finds that in African Cuckoos 
territory is dependent upon the availability of nests 
to parasitize. Nethersole-Thompson (1933) in- 



SOCIAL NESTING HABITS 


125 


eludes interspecific fighting (for example, the 
fighting between woodpeckers and starlings for a 
nest-hole) as territorial. The behavior of these 
species indicates that the place of copulation (nest- 
site) is the original territory. But among the data 
contradicting the view is the fact that many highly 
evolved species choose territory before the nest. 
In some cases the female builds a nest outside the 
territory. Lorenz (1938) believes that the terri- 
tory of the herons has shrunk to small size. Tin- 
bergen (1935) interpreted his data on Phalaropes 
{Phalaropus lohatus) to indicate that the nest site 
is not an essential part of territory. Selous (1933) 
expresses the viewpoint that the territory is 
symbolical of the female and that the male defends 
the territory as he would the female. However, 
this contradictory evidence can be reconciled with 
the notion that the mating spot is the original 
territory. A division of nesting activities between 
the members of the pair can permit great variation 
in the relations between the mating station (terri- 
tory) and the nest. 

The evidence presented above suggests that the 
defence of the spot of ground on which sexual bonds 
can be formed and the nest built is the origin of 
territory. This viewpoint contains several as- 
sumptions. It is assumed that the defense of the 
piece of land can be extended forward and back- 
ward temporally and also can be extended spa- 
tially. The forward extension of a behavior 
pattern is commonplace in the lives of animals. 
Many species for example, incubate before the 
eggs are laid {Ectopistes, Whitman, 1919). Lack 
(1940) suggests that feeding the mate during 
courtship is an extension forward of feeding during 
incubation. Thus the extension in time of the 
defense of the nest site and the mating station 
encounters no difficulties. This viewpoint of the 
origin also assumes that the bird is able to recog- 
nize a potential competitor for the nest site. This 
recognition permits the explanation of the fact 
that many sjjecies stop active defense of the terri- 
tory after the nest is built and recognize the terri- 
tories of other birds by mutual agreement (Nice, 
1937). The neighboring birds are known not to 
be competitors for the piece of land, whereas 
strange birds are known to be either competitors 
for the land and/or for the mate. 

ABERRANT BREEDING HABITS 

As was mentioned in the introduction, the Cu- 
culidae show throughout the entire family a 


tendency to have unusual breeding habits. In the 
Crotophaginae these aberrations have developed 
into communal nesting. This proclivity is pre- 
sumably based upon some peculiarity of the endo- 
crine system although at present we know practi- 
cally nothing about what the exact situation 
could be; nevertheless several conditions may be 
mentioned. 

Presumably birds, like mammals, may be divided 
roughly according to the spontaneous or non-spon- 
taneous method of ovulation. It is of course 
clear that the exact meaning of ‘spontaneous* 
breaks down when courtship is considered. In 
mammals the term refers to species such as the 
rat, in which ovulation occurs at regular intervals 
without external stimulation. Other species (non- 
spontaneous), such as the rabbit, under natural 
conditions ovulate only after the stimulation of 
coition. In birds the external stimulation of coi- 
tion has been superseded by the more intricate 
courtship performance. In many cases ovulation 
can be produced by a very slight external stimulus 
such, for example, as stroking the neck of pigeons. 
It becomes very difficult then to determine exactly 
what species are spontaneous and what are non- 
spontaneous. Marshall (1936) divides birds 
roughly into two groups in respect to ovulation; 
those which ovulate spontaneously and seldom 
mate for life or have elaborate courtship, and the 
non-spontaneous ovulators which frequently p)os- 
sess elaborate courtship performances. These 
generalizations do not hold for Parrots, which 
mate for life and ovulate spontaneously. The 
Rhea, which is known to have polyg 3 nious nesting 
habits, probably ovulates spontaneously. Harper 
(1904) suggests that polygynous birds are spon- 
taneous and that monogamous birds are non- 
spontaneous. Craig (1913) points out the spon- 
taneous (Phasianidae) and the non-spontaneous 
(Columbidae) types of ovulation. Allen (1925) 
although not using the terms spontaneous and 
non-spontaneous, points out the difference in the 
type of egg-laying as exemplified by the hen and 
the pigeon. He further suggests that sight of a 
nest is the stimulus which causes certain wild ducks 
to deposit eggs. It must be remembered that there 
are three distinct phases in the production of an 
egg. The growth of the egg and follicle is the first 
stage and apparently is under the control of the 
follicular stimulating hormone (FSH) . The actual 
ovulation is the second stage and is controlled by 
the luteinizing hormone (LH). The last stage is 
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the passage down the oviduct and the actual 
deposition of the egg in the nest. Just what fac- 
tors influence this last event is not clear at present. 
The term spontaneous must be used to refer only 
to ovulation and not to laying. 

There is considerable evidence to indicate that 
the Crotophaginae as well as the rest of the Cu- 
culiformes are spontaneous ovulators. Farley 
(1924) reports that a pet which lived in his house, 
dropped eggs frequently on the floor. The birds 
drop eggs frequently on the ground even far away 
from the nest. Although Friedmann (1929) found 
that Cowbirds frequently drop eggs on the ground, 
in this case these aberrations are probably the 
result of social parasitism. The habit of spon- 
taneous ovulation in the Crotophaginae is closely 
related to the lack of courtship performance. 
Since the function of courtship behavior is, pri- 
marily at least, the stimulation of ovulation, 
spontaneous courtship and lack of courtship are 
compatible. In birds such as the Crotophaginae 
which ovulate spontaneously there is no need or 
use for courtship. On the other hand, in those 
species which ovulate non-spontaneously, court- 
^p display does have a use in identifying the 
sexual ripeness of the individual. Thus Noble 
(1938) found that in many fishes the display was 
a means of identifying not the sex but the sexual 
ripeness of the individual. A further development 
of this condition is the use of display to stimulate 
and synchronize the sexes, as Carpenter (1933) 
found in the pigeons. Huxley (1916, 1921) has 
suggested that the function of courtship is not 
selection of a mate but stimulation to copulation. 
In animals with courtship performances the ex- 
ternal stimulus releases the internal endocrine 
mechanism responsible for ovulation. Craig 
(1911) found that the pigeon, which normally 
ovulates after courtship and is considered to be 
non-spontaneous, will ovulate even if there is no 
male present, but under these conditions only late 
in the season. Virgin females may not lay at all 
without a male. On the other hand, in animals 
which ovulate spontaneously, the stimulus to 
ovulation is brought about by an automatic re- 
lease of the endocrines responsible for it 
independent of external stimuli. Courtship thus 
appears to be an external regulator superimposed 
upon the internal processes. 

As a further correlate of spontaneous ovulation 
and the lack of courtship may be mentioned the 
lack of pair formation. Courtship, especially 


mutual post-ovulatory performances, serves to 
bind the members of the pair together in some 
species and to prevent the dissolution of the couple. 
The courtship performances, either by one of the 
pair or by both birds, serve to maintain the pair. 
Thus, in the Crotophaginae, the lack of bonds 
between the members of the pair and spontaneous 
method of ovulation are contributing factors per- 
mitting communal nesting. It should be empha- 
sized that it is not intended to imply that spon- 
taneous ovulation must necessarily be followed by 
communal nesting but that spontaneous ovulation 
permits the lack of courtship and of the bond be- 
tween members of the pair, thus making possible 
and contributing to the development of social 
nesting. 

Parenthetically it should be noted that many 
birds with most elaborate courtship (game birds, 
birds of paradise, mankins, hummingbirds) do not 
pair. In these groups the elaborate courtship is 
necessary to induce copulation. 

Number of eggs laid 

The two types of ovulation, spontaneous and 
non-spontaneous, exemplify one phase of the gen- 
eral problem of internal and external control of a 
neuro-endocrine mechanism. As background for 
a discussion of another phase of this problem, it is 
desirable to discuss the number of eggs laid by each 
female. In both genera of the Crotophaginae the 
number laid by a female is usually six, although 
sometimes it is five or seven (cf. Davis, 1940a, 
1940b, 1941a). Skutch (Bent, 1940) believes that 
C. sulcirostris lays four eggs, a figure probably too 
low. Since several females lay in the nest there 
may be great variation in the number of eggs de- 
posited in one nest. Thus the number of eggs 
laid by one female cannot be determined by the 
number in the nest. The number laid can be 
determined, however, by microscopic examination 
of the ovaries. The fact that a constant number 
is laid would suggest that the size of the clutch is 
fixed by an internal endocrine mechanism. The 
evidence as reported by Farley (1924), whose pet 
bird laid eggs for a long period of time, is not de- 
scribed in sufficient detail to be of value in this 
connection. 

That there can be a difference in the method 
(external or internal) controlling the production 
of eggs is shown by the consideration of the factors 
which determine the number of eggs laid. Some 
birds lay until there is a certain number of eggs in 
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the nest. The Flicker as reported by Phillips 
(1887) is the classic example. If eggs are removed 
from the nest this bird continues to lay until, in 
one case, as many as 73 eggs have been deposited, 
although it is possible (in litt.) that several females 
laid in this one nest. Other species lay only a 
certain number no matter how the number of eggs 
in the nest may be manipulated (Davis, unpub., 
Larus argentatus), Craig (1913) recognized these 
two types of birds and pointed out the Flicker and 
the pigeon as examples. In the first type (which 
the author suggests be called indeterminate) the 
external conditions determine the number of eggs 
laid. In the second type (determinate) the num- 
ber is fixed by the internal hypophyseal-ovarian 
mechanism. The observations of Hann (1937) 
that in Ovenbirds {Seiurus aurocapillus) brooding 
began after laying the penultimate egg even 
though 3, 4, 5, or 6 eggs were laid in the clutch, 
suggests that the brooding impulse may regulate 
the number of eggs laid. The fact that the Flicker 
has elaborate courtship (Noble, 1936) suggests 
that in this species ovulation is non-spontaneous. 
At present, knowledge is insufficient to state cer- 
tainly that indeterminate egg-laying is found in 
birds which ovulate non-spontaneously and that 
determinate egg-laying occurs in those which ovu- 
late spontaneously. 

It is of interest that another bird in which com- 
munal nesting has developed, the California Wood- 
pecker, belongs to the Picidae which are pro- 
lific egg-layers. The classical example of the 
Flicker which laid 71 eggs in 73 days shows to 
what extent the birds can lay eggs. Eggs of 
various woodpeckers are frequently found in the 
nesting holes of other birds, and the group as a 
whole is famous for laying a varying number of 
eggs. The ducks are also prolific egg-layers and 
frequently lay in other birds’ nests. Allen (1925) 
has indicated the importance of this habit in the 
eventual culmination of parasitism in the South 
American duck Heleronetta. Friedmann (1932) 
lists many species of ducks which have laid eggs in 
the nests of other species. 

The above discussion is concerned with one 
aspect of the general problem of the interrelations 
between the nervous and the endocrine systems, 
namely, the internal or external regulation of the 
h3rpophyseal-ovarian mechanism. Another prob- 
lem concerning the breeding and the relations of 
the gonads to the nervous system is the fact that, in 
C. ani and others of the subfamily, incubation by 


several females starts simultaneously. The indi- 
vidual bird, however, may not have completed its 
clutch or may have finished laying several days 
before. It should be noted, however, that in most 
cases incubation does not start until a few days 
after the egg-laying has stopped. It seems that 
continued egg-laying by one bird inhibits the 
incubation by the other birds. Possibly imitation 
may be the reason the birds, which have completed 
ovulation some time previously, start to incubate. 
It is known in general that the behavior of a bird 
towards the contents of the nest is dependent upon 
the contents and can be changed radically by 
changing the contents of the nest. For example, 
the substitution of eggs caused C. ani to brood for 
24 days although the normal length of incubation 
is about 13 days. A Robin {Turdus migratorius) 
will feed young which are substituted for newly- 
laid eggs tDavis, unpub.). Contrasting with these 
species are others which have a fixed duration for 
each phase of the breeding cycle. Thus the Noddy 
Tern {Anoiis siolidus) (Watson, 1908) did not 
change behavior when chicks were substituted for 
eggs. Apparently this is a species difference in 
the control of behavior by external and internal 
stimuli. 

Unusual aspects of reproduction 

A further factor of unknown significance to the 
breeding habits is the fact that the Crotophaginae 
have a continuous molt. In general .birds molt 
just before and/or after the breeding season. It 
is known that this molt is connected with the 
endocrine system in several respects. Just what 
connection, if any, there may be between the con- 
tinuous molt and the endocrine situation in the 
Crotophaginae is not clear. It should be noted 
that other birds such as the Ptarmigan (Salomon- 
sen, 1938) have a continuous molt. The obser- 
vations of the Micheners are of interest in connec- 
tion with the loss of territorialism as correlated 
with the molt. These investigators found (1935) 
that the Mockingbirds maintain territory through- 
out the year but that there is a slackening of terri- 
torial defense during the molt. The English 
Robin maintains a territory except during the molt 
(Lack, 1939a). 

A word of caution is necessary. Endocrinology 
is not a panacea for the explanation of all sexual 
behavior. The task is to find out what relations 
exist. For example. Lack (1939a) finds that the 
English Robins establish territories and select 
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mates in the fall when the gonads are regressed. 
This indicates that the gonadal hormones at least 
are not responsible for these particular behavior 
patterns or that estrin inhibits territorialism in the 
female when this hormone appears in the spring 
(cf. plumage in chickens, Domm, 1939). A further 
complication is the common occurrence of song in 
the fall. Brewster (1898) observed several species 
of swallows attempting copulation and carrying 
mud on August 22, after the migratory flock had 
formed. These examples indicate the magnitude 
of the task. 

Aberrant breeding habits are frequently con- 
nected with an abnormal sex ratio in the population 
(Mayr, 1939). In fact when there is an unusual 
sex ratio, unusual nesting habits may be suspected. 
In the Crotophaginae the sex ratio is greatly in 
favor of the males. The question now arises as to 
whether the breeding habits are the result of an 
altered sex ratio or the converse. Sarasin (1924) 
believes that polyandry is the cause of social para- 
sitism in the Cuckoos. As to the actual reasons 
for the abnormal sex ratio we know nothing posi- 
tively although many hypotheses have been sug- 
gested. 

As a manifestation of abnormal breeding habits 
a consideration of the frequency of feeding the 
young is of interest. In Guira the young are fed at 
long intervals, seldom less than one-half hour 
(Davis, 1940b), but in C. a«t, although each indi- 
vidual bird comes to the nest only at long inter- 
vals, since several birds are carrying in food the 
young are fed fairly frequently. Compared with 
other birds, Herrick (1910) found that young 
American Cuckoos {Coccyztu) were fed every 25 
minutes and sometimes as often as every four 
minutes. Passerine birds sometimes are fed at 
much shorter intervals. Baldwin and Kendeigh 
(1927) found that a female House Wren {Troglo- 
dytes aedon) fed the young 18 times in 34 minutes. 
Bigglestone (1913) found that Yellow Warblers 
{Dendroica aestiva) fed the young over a period of 
ten days more than 16 times per hour. In the 
Crotophaginae in addition to the factor of the in- 
frequent feeding is the fact that not all the females 
incubate even though they may have laid eggs. 
These facts all indicate a most casual care of the 
young birds. Neither is the behavior of the adult 
birds at the nest highly developed. There is no 
ceremony at the nest at the exchange of incubators 
or at feeding. The adults do not carry away the 
egg shells or excreta from the nest. In some 


Cuckoos (Herrick, 1910) the adults await the 
defecation and then remove or eat the fecal sac. 
No such behavior exists in the Crotophaginae. 
The excreta are not even contained in a sac. 

The analysis of the factors responsible for the 
construction of abortive nests and the performance 
of symbolic activities is pertinent to the problem 
of aberrant breeding habits. It has been shown 
for C. ani that, at the flrst part of the season, many 
nests are started and then neglected. The usual 
explanation of this type of behavior is that the 
bird’s reactions are not yet of sufficient intensity; 
a statement which explains nothing. Tinbergen 
(1939) describes these behaviors as “u nfini shed 
actions so typical of maturing instinctive be- 
havior.” That there can be a lack of adequate 
stimulus for the completion of a nest is shown by 
the work of Ali (1930) on a Weaver Finch {Ploceus 
philippensis). He found that the number of fe- 
males per male in this polyg 3 aious species depends 
on the number of nests the male can build. At the 
end of the season many cock nests are built by 
males whose ^zeal’ is insufficient to finish the nest. 
But on the other hand, it must be remembered that 
in many cases the abortion of a nest may be caused 
by the lack of a suitable location. Bennett (1938) 
found that female Blue-winged Teal {Querquedula 
discors) inspected many nesting sites before select- 
ing a suitable location. Abortive nests were fre- 
quently started in unsuitable locations — as gen- 
erally occurs in the duck family. 

The question of mutual stimulation among mem- 
bers of the flock must be considered in relation to 
the egg-laying and the abortion of nests. This 
hypothesis has been developed by Darling (1938) 
to explain the behavior of groups of gulls. His 
evidence indicated that reciprocal stimulation 
among the members of the flock was conducive to 
greater success in nesting. In the flocks of Croto- 
phaginae, mutual stimulation may be important in 
the stimulation of egg-laying and incubation, 
although the data do not show that large colonies 
were more successful than small ones. Other 
species show stimulation by the group. Lack and 
Emlen (1939) found that all birds in a colony of 
Tricolor Redwings {Agelaius tricolor) are in the 
same state of breeding. But nearby coloneis may 
differ greatly in their respective stages of breeding. 
Hoogerwerk (1937) found that the White Ibises, 
which nest in groups on a platform, were in the 
same stage of nestuig on each platform. Appar- 
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ently courtship (in the broad sense) can be effec- 
tive beyond the actual mate. 

TYPE OP HABITAT 

The importance of the influence of the habitat on 
the development of social nesting habits is difficult 
to assess. Guira inhabits areas of open park-land 
savanna and sleeps in clumps of dense trees. 
Also, the birds tend to nest in thickly foliaged 
trees. Since there are not many groups of such 
trees the tendency is for the birds to come together 
in flocks. The original habitat of Guira was prob- 
ably the Chaco and the campos of Brazil. These 
areas are characterized by open stretches of grass 
or marsh with scattered clumps of trees. The 
birds, able to feed out in the open, are thus forced 
to come together to sleep and nest. Although 
these islands of trees sometimes are very large, 
nevertheless there is the tendency for the birds to 
gather together. It seems likely that the flock 
habit developed in part under the influence of the 
habitat. It is of interest that the California Wood- 
pecker, another species with comparable habits, 
also occurs in areas where the vegetation is dis- 
tributed in islands. Ritter (1938) states that this 
woodpecker inhabits forest islands and that the 
boundaries of the island limit the area of one 
group of birds. 

Crotophaga major and C. ani also inhabit more 
or less open areas, although they return to trees 
for sleeping and nesting. Major is frequently 
found along the forest edge but never in the thick 
forest. It lives along the borders of streams, prob- 
ably because of the nature of the food. Both 
Guira and C. ani inhabit mesic habitats. The 
latter is strictly a moist habitat bird; in Cuba, in 
the dry season, the birds are found only along the 
streams, and in Argentina the birds stay through- 
out the year along streams. The habit of feed- 
ing in more open areas and of sleeping and nesting 
in a clump of trees, presumably developed by the 
ancestral birds and still to be observed in the 
primitive Guira, has been retained by the genus 
Crotophaga, These considerations suggest the 
conclusion that the type of habitat in which the 
species originated and the tendency to divide the 
territory into a nesting and a feeding habitat have 
been factors conducive to the development of social 
nesting. 

The habit of sleeping in large flocks occurs in 
other species, as, for example, Molothrus and 
Musdvora as reported by Davis (1940b). In 


these species, however, there has been no factor 
conducive to the breakdown of territorialism and 
no social behavior has developed. Friedmann 
(1935) points out that colonial nesting persisted in, 
or developed in, those species which use separate 
feeding and nesting ground. When the same eco- 
logical habitat is used for both feeding and nesting, 
colonial nesting does not usually develop. Many 
species have the territory divided into two distinct 
parts. A. H. Miller (1931) found that shrikes 
had a definite headquarters in their territory 
where the birds slept. Mayr (1926) found that a 
finch (Serinus) used different associations for 
various purposes such as living, dancing, and 
feeding. Steinbacher (1939) found that Gal- 
linules {Gallinula chloropus) defended a resting 
place, pairing territory, and a nesting territory. 
Pettingill (1936) found that the male Woodcock 
{Philohela minor) inhabited the woods in the day- 
time and the fields at night. These selected ex- 
amples show that the ecological separation of the 
territory into several parts is a common occur- 
rence among birds. 

PHYLOGENY OF BEHAVIOR 

The phylogenetic development of the flock 
habit is clearly shown by the behavior of the four 
species of the Crotophaginae. As mentioned in 
the introduction, Guira is the most primitive mem- 
ber of the subfamily both anatomically and be- 
havioristically. C. major is the next in "the phylo- 
genetic scale. C. ani and C. sulcirostris resemble 
one another and represent the climax of developn 
ment. In Guira the flock is a loosely coordinated 
group of birds, feeding in the same vicinity, sleep- 
ing together and, although frequently nesting in 
pairs, regularly nesting communally. In Croto- 
phaga major the flock is more united and always 
nests communally, although pairs which live singly 
may nest singly. The flock behavior reached the 
climax in C. ani and C. sulcirostris. In these 
species the group lives together in a closely-knit 
organization and nests communally. It is of 
interest to contrast this behavior with that of other 
flocking species, such as the Oyster Catcher 
(Huxley, 1925). In this species pairs leave the 
flock to go to the breeding territory for a while and 
may collect in flocks until the eggs are laid. But 
the strict maintenance of territorial boundaries 
prevents the encroachment by the flock upon the 
territory of a pair. Hence social nesting is im- 
possible. 
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The breakdown and redevelopment of the 
territorial behavior is also a phylogenetic trend. 
In Guira the defense of the territory by 
the pair is weak and that by the colony is also 
weak. In C. major the defense of a colonial terri- 
tory is positive but nevertheless not vigorous. In 
C. am the defense of the territory by the whole 
colony is fierce and effective and pair territory 
has vanished. 

This summary of the phylogeny of territorialism 
in the Crotophaginae suggests the consideration 
of the relation of this subfamily to the development 
of parasitism in the other Cuculidae. Herrick 
(1910) suggests that a maladjustment of the nest- 
building and egg-laying results in parasitism — ^a 
statement which is an outline of the problem but 
not a solution. Allen (1925) emphasizes the fact 
that no one theory should be expected to account 
for the development of the several t)rpes of para- 
stitism. He further outlines the distinction be- 
tween egg-parasitism and nest-parasitism. This 
scheme has been verified by subsequent research 
and is followed in this paper. The cuckoos and 
ducks (egg-p)arasitism) developed parasitism by 
dropping eggs occasionally in the nests of other 
birds, although also building their own nests as, 
for example, in the Redhead (Nyroca americana). 
On the other hand, the Cowbirds (nest-parasitism) 
developed parasitism by stealing the nests of other 
birds or using old nests. The latter trait is com- 
mon in the Mourning Dove (Nice, 1922) and ha- 
bitual in the Solitary Sandpiper (Tringa solitaria). 
In these species certain behaviors (regurgitative 
feeding, precocial habits) precluded the develop- 
ment of parasitism. Davis (1940a) strongly 
supports these ideas. Friedmann (1928b) accepts 
this suggestion as a partial solution for Cowbirds. 
In addition, he emphasizes, there must be a loss of 
territorialism. 

The evidence from the phylogeny of the Croto- 
phaginae indicates that the Cowbirds and the 
Cuckoos have in common the modification of 
territorialism but that the other patterns of be- 
havior in the species precluded the identical 
development of the habit. In the Cuculidae the 
courtship is weak or absent and the ovulation is 
^ntaneous. Territorialism is retained in a much 
modified form but the spontaneous ovulation 
permits the laying of eggs in other birds’ nests. 
From occasional laying in other nests some species 
developed the habit of always laying parasitically. 
That the tendency to lay eggs promiscuously occurs 


in nonparasitic members of the family is shown 
by the fact that Pemberton (1925) found the egg 
of a Geococcyx in the nest of a raven; he wrongly 
interprets this occurrence as deliberate parasitism. 
In the Cowbirds, in contrast to the Cuckoos, the 
courtship is retained and elaborated and ovulation 
is probably non-spontaneous. In these species 
the usurpation of a nest is necessary when the birds 
do not build their own nests. From the usurpa- 
tion of a nest it is an easy step to laying in the 
nests of other species. These Cowbirds have 
developed parasitism in a very different manner 
and even the result, although superficially very 
similar, is different in many details. 

The place of the Crotophaginae in the phylogeny 
of the parasitic cuckoos is worth consideration. 
Makatsch (1934) believes that the Crotophaginae 
represent a stage in the development of parasitism; 
that after a communal nesting habit, the next 
stage is true parasitism of other species. The evi- 
dence presented in this paper shows that the 
Crotophaginae represent not a stage in the develop- 
ment but an offshoot. Daguerre (1924) suggests 
that communal nesting developed as parasitism of 
one pair on the other. This would assume that 
there occurred the development of two phases 
within the species; one parasitic and the other 
non-parasitic. The fact that in some cases all 
birds take part in incubation and feeding pre- 
cludes this interpretation. 

The consideration of the phylogeny of behavior 
and the relation to parasitism in general suggest 
the desirability of a few inferences as to the future 
of the group Crotophaginae. At the present time 
the group seems to be at the climax of possible 
development. The species are universally suc- 
cessful as is shown by the fact that they are among 
the most abundant birds in their range. Low tem- 
perature seems to be the only barrier to their dis- 
tribution. Their social habits help the individuals 
to avoid enemies. Nevertheless one purely hypo- 
thetical course of evolution is open to the group. 
It has been found that the birds are extremely 
indolent in their attentions to the nest. Indi- 
viduals which laid eggs did not incubate. Birds 
which incubated did not feed the young. It is 
possible that a parasitic phase could develop within 
the species. Those individuals which lost the 
instinct of building the nest could survive by 
laying in the nest built by others. Thus a para- 
sitic phase might develop. If this phase should 
evolve some morphological characteristic we 
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should then have the evolution of a new species — 
perhaps the evolution of two new species. In this 
connection it should be remembered that many of 
the parasitic birds (Cowbirds, Viduinae) para- 
sitize closely related species. It is, however, not 
intended to suggest that all these actually did 
develop parasitism in exactly this manner. 

Summary 

The Crotophaginae, one of the six subfamilies 
of Cuckoos, demonstrates the phylogeny of com- 
munal nesting. The birds live in docks and build 
one nest in which several females lay eggs. The 
subfamily consists of four species, distributed 
throughout South and Central America. The 
development of social nesting occurs at three levels, 
represented by the species: I. Guira guira^ II. 
Crotophaga major, III. C. ani and C. sidcirostris. 
The primary factors conducive to the develop- 
ment of social nesting habits are (a) modification 
of territorialism, (b) aberrant breeding habits, 
and (c) the type of habitat. 

During the investigation the behavior of Croto^ 
phaga ani was found to be essentially identical in 
three widely separated localities; Cuba, British 
Guiana, and Argentina. The call notes of the 
members of the subfamily are similar as well as 
other behavior patterns. Some evidence con- 
cerning the problems of discrimination of the 
sex-partner, of the individuals of the species, and 
of the boundaries of the territory was obtained. 
The sex-partner and other individuals of the flock 
are recognized by individual appearance. Strange 
birds probably are first discriminated by their 
behavior and then by appearance. The bound- 
aries of the territories are known exactly by the 
trees and shrubs. Some of the behavior patterns 
exhibited by the species may be classed as releasers 
or sign-stimuli. Thus the birds gave the same re- 
sponse to an injury-feigning dove as to an injured 
member of their own species. 

Each flock of all four species maintains a terri- 
tory. However, the details differ in each case. 
Guira defends the territory only slightly and fre- 
quently one pair builds a nest and defends a small 
territory within the territory of the flock. The 
flock of C. major is composed of pairs which unite 
to defend a territory. Thus the colony is really a 
group of pairs which cooperate to build one nest. 
In C. ani the communal nesting has reached its 
climax. Polygamy or promiscuity is the general 
rule and the whole colony defends the territory. 


This phylogenetic development of social nesting 
coincides with the disappearance of territorial 
defense by the pair and the appearance of terri- 
torial defense by the colony. Several factors have 
contributed to the breakdown of territorialism for 
the pair. Sexual fighting is weak or absent. 
There is no song in any of the species. Courtship 
performances are lacking or simple. In these 
species the biological value of the territory is prob- 
ably merely the provision of a mating station and 
nest site. The obvious development, within one 
group of birds, of a colonial territory from a pair 
territory, suggests the usefulness of an inclusive, 
flexible characterization of the term territorialism 
instead of a strict definition. The behavior of the 
Crotophaginae further shows that sexual fighting 
(in reference to the sex-partner) must be clearly 
separated from territorial fighting (in reference to 
a piece of land). Territorialism probably origi- 
nated from the defense of a spot of land on which 
the sexual bonds can be formed and the eggs laid. 

The aberrant breeding habits of the various 
species permitted the development of social nest- 
ing. Several minor factors are of interest. The 
species have a continuous molt. The sex ratio is 
in favor of the males. The birds are indolent in 
the care of the nest, feeding the young at long inter- 
vals, and incubating sporadically. Many abortive 
nests are started and many eggs dropped on the 
ground or laid in the nest before completion of 
construction. The important factor is^ that the 
Crotophaginae, judging by indirect evidence, 
ovulate spontaneously and thus do not require 
courtship performances and pair formation for 
successful laying. This spontaneous ovulation 
raises the general problem of internal and external 
control of a neuro-endocrine mechanism. As one 
example the data indicate that members of the 
subfamily lay six eggs normally, therefore the 
hypophyseal-ovarian mechanism is set to lay a 
fixed number of eggs no matter how many are in 
the nest. 

The third factor conducive to the development 
of social nesting habits is the type of habitat. 
The original habitat was probably a region con- 
taining scattered clumps of trees, such as the 
Chaco or the campos of Brazil. The birds are 
thus forced to come together to sleep and nest in 
the trees. This primitive habit is retained in the 
more evolved species of the subfamily which use 
different parts of the territory for feeding and 
nesting. 
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This subfamily of Cuckoos has developed the 
social nesting habits, in contrast to the parasitism 
evolved by the other Cuckoos. Social nesting, 


however, is probably not a stage in the develop- 
ment of parasitism but a side branch in the evolu- 
tion of a peculiar nesting habit. 
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THE INNERVATION OF THE ADRENAL GLAND 
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I. THE GROSS ANATOMY OF THE NERVE SVPPLY TO 
THE ADRENAL GLAND 

T he adrenal j^land has associated with it 
a pre[X)nderance of nervous tissue which 
seems far in excess to that which so small 
a structure might require. This appar- 
ent redundance of nervous tissue can be 
explained on the basis of two factors. The first 
of these is most likely related to the ectodermal 
origin of the medulla. The idea that the adrenal 
medulla is caj)able of giving rise to efferent im- 
pulses, and thus act as a sort of peripheral nervous 
center, was proposed by Jacobj (18^>2), Elliott 
(’13), Kolmer (M8), and Crile (’31). Rindt and 
Kahn (’29) could not, howevxT, confirm the find- 
ings of the above-mentioned investigators on the 
neural transmission of adrenalin-invoked im- 
pulses. The second of the two factors referred to 
above is related to the juxtaposition of the adrenal 
glands to the coeliac plexus. A great portion of 
the nervous tissue lying in proximity to the ad- 
renals is actually distributed to other organs. 

The accepted classification of the autonomic 
nervous system into sympathetic and parasympa- 
thetic divisions will be employed. Though for 
gross anatomical purposes the splanchnic neixe 
will be classified as sympathetic, the work of Kure 
and his many co-workers (’28, ’30, ’31a, ’31b, 
’3 Id) on the spinal parasympathetic nerves indi- 
cates that this nerve contains parasympathetic 
as well as sympathetic fibers. Hinsey (’33), in the 
cat, could not, however, confirm the j)rcscnce of 
efferent parasympathetic fibers in the dorsal spinal 
roots, as maintained by Kure. Nor could Hol- 
linshead (’36) find any degeneration in the splanch- 
nic nerve after sectioning the dorsal roots of the 
lower thoracic and upper lumbar ner\x*s proximal 
to their ganglia. 

The coeliac plexus (through which the adrenal 
receives most of its nerve supply) is commonly 
referred to as sympathetic in nature. In reality 
it consists of an admixture of parasympathetic 
(vagus and Kure’s spinal parasympathetics) as 
well as sympathetic elements. Though the vagus 


fibers enter the coeliac plexus, they have no func- 
tional relationshij) to the ganglia located therein 
(Kuntz, 1938). It is because of the sympathetic 
nature of the coeliac ganglia that the other con- 
stituents of this plexus are often erroneously 
referred to as being entirely sympathetic in nature. 

The adrenal plexus is referred to as an offshoot 
of the coeliac plexus. Superiorly the adrenal 
plexus is continuous with the inferior phrenic 
plexus, while inferiorly it joins the renal plexus 
and also the internal spermatic or ovarian plexus 
on the left side. These gross anatomical features 
(Fig. 1) have recently been illustrated in detail by 
Teitelbaum (’33) on the basis of microscopic dis- 
sections in infants. The fibers which make up 
the adrenal j)lexus are derived from the splanchnic 
nerve, the sympathetic trunk, the coeliac ganglion, 
the vagus nerve, and sometimes the phrenic nerve. 

.1. The sympathetic nerve supply to the 
adrenal gland 

In contradistinction to its parasympathetic 
nerve sup|:)ly, the adrenal gland receives a sympa- 
thetic nerve supply, which has its origin in the 
lower thoracic segments of the spinal cord and 
traverses the splanchnic nerves and sympathetic 
trunks to enter the abdomen. The splanchnic 
nerves make up the more important sympathetic 
pathway to the adrenal gland. Kure’s spinal 
parasympathetic components of the splanchnic 
nerve should be kept in mind, however. 

The greater splanchnic nerve is generally de- 
scribed as having its origin from about the fifth 
to the tenth thoracic sympathetic trunk ganglia. 
Swan (1834), in his detailed anatomical study of 
the nervous system in man, found the origin of the 
splanchnic nervx on the right side to be the fifth, 
seventh, and eighth thoracic trunk ganglia; while 
on the left side it arose from the fifth to the tenth 
ganglion inclusive. The lesser splanchnic nerves 
both arose from the tenth ganglia. Kuntz (’29) 
states that ‘The greater splanchnic nerve is formed 
by the union of several rami arising from the sym- 
pathetic trunk between the fifth and ninth or 
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Fig. 1. The Ventral Aspect of the Left Superior Quadrant of the Abdominal Cavity of 

A Male Infant 

The stomach is rotated to the right on the longitudinal axis of the esophagus, and the tail of the pancreas and 
splenic vessels have been resedsegi to expose the coeliac plexus and show its relation to the posterior vagus cord and 
its branches. (The titles of the vagus elements are capitalized.) ad., adrenal gland; eg., coeliac ganglion, left; 
D.V.C., dorsal vagus cord; Di.V.A., direct vagus rami to aortic plexus; DiV.Ad., direct vagus rami to left adrenal 
gland; Di.V.G., direct vagus gastric rami; Di.V.I.S., direct vagus ramus to the internal spermatic plexus; Di.V.P., 
direct vagus ramus to Inferior phrenic plexus; Di.V.R., direct vagus ramus to renal plexus; Di.V.S., direct vagus 
ramus to splenic plexus; Di.V.S. M., direct vagus rami to superior mesenteric plexus; e., esophagus; i.p.p., inferior 
phrenic plexus; i.s.p., nerves to left internal spermatic plexus; i.s.v., internal spermatic vein; k., left kidney with 
capsular nerves; p., pancreas (Tail resected); r.g., renal ganglia; r.p., renal plexus; r.v., renal vein; s., stomach; 
8.a., splenic artery; s.a.n., sympathetic nerves to aortic plexus; s.g, sympathetic gastric nerve; s.p.c.p., splenic 
plexus contribution to anterior coeliac plexus; T.D.V.C., Terminal branches of dorsal vagus cord; V.D.V.C., 
Ventral branches of dorsal vagus cord. (From H.A. Teitelbaum., Anat. Rec.y v. 55, p. 297, 1933. By courtesy of 
the Wistar Institute of Anatomy and Biology.) 
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tenth thofadc gangUa/’ The lesser i^landimc 
nerve arises from the ninth and tenth ganglia; 
while the lowest ^lanchnic arises from the last 
thoracic ganglion or from the lesser splanchnic 
nerve. 

Recently Edwards and Baker (1940) studied the 
variations in the formation of the splanchnic 
nerves in 100 cadavers. The greater splanchnic 
nerves were present bilaterally in all instances 
and varied in origin from the fourth to the twelfth 
thoracic sympathetic ganglia. The most frequent 
origin was the seventh, eighth, and ninth ganglia. 
Only 9 per cent of the cases complied with the 
typical text book picture. The lesser splanchnic 
nerve was present on the right aide in 93 per cent 
and on the left in 98 per cent of the cases. They 
varied in origin from the seventh to the twelf^ 
thoracic sympathetic ganglia but arose most fre- 
quently from the tenth and eleventh ganglia. 
(Dnly 5.5 per cent of the cases complied with the 
text book picture. The least splanchnic nerve 
was present on the right side in 89 per cent of the 
cases and on the left side in 96 per cent. The 
origin varied from the eleventh and/or twelfth 
ganglia, the latter being the more common. The 
text book picture was complied within 82.5 per 
cent of the cases. 

HoUinshead (’36) and Hollinshead and Finkel- 
stein (’37) presented evidence that the adrenal 
nerves in the cat arise from the lower thoracic and 
upper lumbar spinal nerves. Swinyard (’37), also 
in the cat, observed that the last few thoracic 
spinal nerves give rise to the fibers that supply the 
adrenal gland. That these nerves are not afferent 
in nature was demonstrated by Elliott (’13) who 
excised the dorsal root ganglia of the 5, 6, 7, and 8 
thoracic nerves without resulting degeneration of 
the adrenal fibers. According to Hollinshead, the 
majority of the adrenal fibers pass to that gland 
through the lesser splanchnic nerve and the upper 
lumbar sympathetic chain. Maycock and Hislop 
(’39) disagree with Hollinshead. The former 
claim that most of the adrenal secretory fibers 
traverse the greater and lesser splanchnic nerves. 
Ph3r8iologically, Toumade (’25a, ’28) has estab- 
lished the presence of adrenal secretory fibers in 
the anterior roots of the fourth thoracic to the first 
lumbar nerves. Young (’38-’39) demonstrated 
that adrenal fibers leave the cord from segments 
D6 to L3, with a few fibers from hi^er and lower 
fibers in some cases. There was no evidence of 
contralateral innervation. There is a segmental 
innervation of the medulla, with the front aid 


receiving fibers from the more superior roots. 
Section of the great splandmic nerve caused de- 
generation in the anterior half of the medulla. 

After piercing the diaphragm, the ^lanchnic 
nerves terminate in relation to the coeliac {dexus. 
The greater portion of the efferent fibers in the 
splanchnic nerves are myelinated, preganglionic 
fibers which pass to the coeliac ganglion where 
they have their synapses. The adrenal gland, 
however, in addition to receiving sympathetic 
fibers from the coeliac ganglion, also receives direct 
splanchnic nerves which do not have any synapse 
in the coeliac or any other intercalated sympa- 
thetic ganglion. Noellner (1869), in the dog, and 
Jacobj (1892), in the dog and rabbit, observed and 
illustrated branches which passed from the splanch- 
nic nerve directly to the adrenal gland. Biedl 
(1897) also observed that the splandmics gave off 
definite fibers which passed to the adrenal glands 
without first traversing the coeliac plexus. Biedl 
names these fibers “Rami suprarenales,” and he 
demonstrated the r61e that they play in the physi- 
ology of the adrenal gland. Anatomical verifica- 
tion of Biedl’s Rami suprarenales is also offered 
by Renner (’14, ’31) and Hirt (’24). The latter 
illustrated these fibers in the rabbit and in man. 

The credit for actually establishing the direct- 
ness of the above-mentioned adrenal fibers experi- 
mentally apparently goes to Elliott (’13). On 
sectioning the splanchnic nerve in the cat Elliott 
found that the myelinated nerves in pie adrenal 
gland degenerated to their terminations in the 
medulla. Therefore Elliott concluded that the 
chromaffine cells are innervated directly and not 
through the intermediation of an intercalated 
neurone as is usually the case. Elliott’s conclu- 
sions were confirmed by Hoshi (’27), Hollinshead 
(’36), and Swinyard (’37). 

Ck)loube (1934) showed in the human embryo 
that the adrenal is innervated by the preganglionic 
fibers of the great splanchnic nerve during the 
course of development. These branches go 
either directly to the adrenal or they traverse the 
“solaire” ganglia without interruption. Also 
(joloube (1936) demonstrated in the iMck embtyo 
that the penetration of the S3nxq)athetic ceb, 
which make up the medulla, by the preganglionic 
sympathetic fibers occurs simultaneously with the 
devdopment of chromaffine substance. ^ , 

In his studies on diuretin glycosuria, Ni^ C09) 
offers some physiological evidence to show that the 
left splanchnic nerve transmits impulses to the 
ri|^t adroial gland, but Hodii (’27) and Young 
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(’38-39) could not confinn Nishi’s observations. 
After section of the left splanchnic nerve in the 
rabbit, Hoshi found that while the nerves in the 
left adrenal medulla degenerated, the nerves in 
the right adrenal medulla remained quite normal. 

In addition to the fibers from the splanchnic 
nerves and the coeliac ganglion, the adrenal gland 
also receives a nerve supply from the lumbar 
sympathetic trunk, according to Elliott (’13), 
Holhnshead (’36), Young (’38), and Maycock 
and Hislop (’39). Though the nerves to the 
adrenal from the coeliac ganglion are not entirely 
sympathetic in nature, they will be considered as a 
whole here. When the parasympathetic nerve 
supply to the adrenal gland is described the vagus 
constituents of these adrenal nerves will be differ- 
entiated from the sympathetic elements. 

The various nerves which pass to the adrenal 
gland go to make up the adrenal plexus. Though 
the pattern of this plexus is variable in certain de- 
tails, as in the number of nerves constituting it 
and in the degree of anastomosis among these 
nerves, in a general sense its configuration is more 
or less uniform. This is indicated by a study of 
the illustrations and descriptions of various 
anatomists: Walter (1783), Swan (1834), Nagel 
(1836), Moers (1864), Alexander (1892), Jacobj 
(1892), Renner (’14, ’31), Schkawera and Kus- 
netzow (’23), Hirt (’24), and Teitelbaum (’33). 
There is most agreement on the relationship be- 
tween the adrenal plexus and the renal and inferior 
phrenic plexuses, as well as on the contributions 
from the splanchnic nerves. There is extreme 
variation in the depiction of a capsular adrenal 
plexus. Swan (1834) fails to show such a plexus 
in man, while Teitelbaum (’33) illustrates a rather 
extensive one (Fig. 1) with relatively few anasto- 
moses in the human infant. Many nerves pierce 
the adrenal parench)ana directly. Undoubtedly 
the capsular plexus may be either present or absent. 

Hirt (’24) observed contributions to the right 
adrenal gland from an ^^epiphrenic” ganglion in 
man. This epiphrenic ganglion, which receives 
fibers from the coeliac ganglion and which con- 
tributes fibers to the diaphragm in addition to the 
adrenal, is most likely an aberrantly located piece 
of the coeliac ganglion. Small microscopic ganglia 
have been observed in the fibers of the adrenal 
plexus by many of the above-mentioned investi- 
gators. Also, according to Moers (1864) and 
Alexander (1892), the phrenic nerve contributes 
fibers to the adrenal plexus. 


B. The parasympathetic nerve supply to the 
adrenal gland 

Before describing the actual distribution of the 
vagus fibers to the adrenal gland, it is important 
to consider certain pertinent facts with relation to 
the thoracic course of the vagi. From the descrip- 
tions offered in certain anatomy texts, as recently 
pointed out by Teitelbaum (’33), and as is evident 
in Laterjet and Rochet (’23), Braus (’24), Robin- 
son (’25, ’31), Laterjet (30), Huber (30), and still 
others not mentioned here, one gets the impression 
that each vagus nerve passes through the thorax 
and reaches the abdomen as a distinct entity. It 
is a generally accepted anatomical fact that infe- 
rior to the pulmonary roots, the two vagi take up 
certain positions in relation to the anterior and 
posterior walls of the esophagus. According to 
the above-mentioned texts, the right vagus enters 
the abdomen on the posterior aspect of the eso- 
phagus, and the left vagus on the anterior aspect 
of the esophagus. Though the above is in com- 
pliance with embryological data, Arey (’30), there 
is sufl&cient anatomical evidence to indicate that 
the vagus nerves at the level of the diaphragm can 
no longer be correctly considered as right and left 
respectively in the same sense that they are so 
called in their course superior to the roots of the 
lungs. On the basis of dissections and degenera- 
tion experiments, it has been definitely estab- 
lished by Swan (1834), Kollman (1860), Jacobj 
(1892), Wertheimer (’01), Iwama (’25), McCrea 
(’25), Brauecker (’27), Uchida (’28), Teitelbaum 
and Uhlenhuth (’32), and Teitelbaum (’33) that 
caudal to the roots of the lungs each vagus nerve 
contributes fibers to both the anterior and poste- 
rior surfaces of the esophagus to make up the ante- 
rior and posterior esophageal plexuses respectively. 
At the inferior ends of these plexuses, the vagus 
fibers converge to form two trunks or cords, the 
anterior and posterior vagus cords (Fig. 2), each 
lying on its respective surface of the esophagus. 
Each of these cords, because of the anastomoses 
which occur in the esophageal plexuses, contaiijs 
fibers derived from both the right as well as from 
the left vagus nerve. In experiments carried out 
in cats, Teitelbaum (unpublished) has been able 
to verify the findings of Iwama (’25) with relation 
to the presence of Marchi bodies in both the ante- 
rior and the posterior vagus cords after section of 
either the right or left vagus nerve in the neck. 

Though it has been pointed out above that a 
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number of contemporary texts of anatomy do not as well as anatomical importance is the fact that 
describe the distribution of the vagi accurately, Vesalius (1725) fails to depict the intervagus 



Fig. 2. The Dorsal Vagus Cord of a New Born Infant Displayed in a Dorsal Dissection 

The dorsal thoracic wall has been removed, exposing the dorsal aspects of the thoracic viscera. The dorsal 
vagus cord is formed by the union of rami derived from the left and right vagus nerves. D.A., descendmg aorto 
(partly resected): D.P.P., dorsal pulmonary plexus; D.V.C., dorsal vagus cord; E., esopha^s (partly reacted); 
L.B., left bronchus; L.S.A., left subclavian artery; L.V. to D.V.C., left vagus ramus to dor^l vagus cord; L.V.N., 
left vagus nerve; L.V. to V.V.C., left vagus ramus to ventral vagus cord; M.G., mediastmal ganglion; R.V. to 

D.V.C., right vttgus rami to dorsal vagus cord; R.V.N., right vagus nerve; T., trachea. u 

(M(^hed slightly from H A. Teitelbaum and E. Uhlenhuth. Anal. Rec.j v. 52, p. 24, 1932. By courtesy of 
the Wistar Institute of Anatomy and Biology.) 


there are a number which do offer accurate descrip- anastomoses in his illustrations; while Willis 
tions: Jackson (75), Hovelacque (77), Robin- (1720) and Walter (1783) offer iUustrations which 
son (71), Greving (71), and others. Of historical demonstrate the distribution of the vagi correctly. 
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Haller (1766) also describes the intervagus anas- 
tomoses about the esophagus. 

With the above as a basis, it becomes quite 
evident that the greater portion of the abdominal 
viscera, which are erroneously believed by some to 
receive their parasympathetic nerve supply from 
the right vagus nerve alone, really are supplied by 
the posterior vagus cord (Fig. 1), which consists of 
fibers derived from both the right and left vagus 
nerves. Evidence to support the bilateral vagus 
innervation of each adrenal gland is offered by 
Teitelbaum (’34) on the basis of experiments car- 
ried out in the cat by means of the Marchi tech- 
nique. It is planned to repeat these experiments 
by means of a more dependable technique. This 
is particularly important in the light of the nega- 
tive reports of Hoshi (’27) and HoUinshead (’36). 

In addition to the vagus fibers that can be dis- 
sected out directly to the adrenal, the latter most 
likely also receives vagus fibers which pass through 
the coeliac ganglion, for the greater portion of the 
posterior vagus cord enters that ganglion (Fig. 1). 
Teitelbaum (’33) refers to the branches of the 
posterior vagus cord which pass directly to the 
abdominal viscera as ‘‘direct” branches; while 
those which pass through the coeliac ganglion be- 
fore they reach the viscera are named “indirect” 
vagus branches (Fig. 1). Direct fibers from the 
posterior vagus cord to the left adrenal gland 
(Fig. 1, Di.V.Ad.) are described by KoUman (1860), 
Moers (1864), Alexander (1892), Renner (’14) 
(’31), McCrea (’25), and Teitelbaum (’33). None 
of the above mentioned investigators has been 
able to trace fibers from the posterior vagus cord 
to the right adrenal, though several of them do ex- 
press the opinion that the latter organ must receive 
its vagus nerve supply through the coeliac ganglia. 
Besides the above, Uchida (’28) describes and 
illustrates a direct and rather constant contribu- 
tion from the anterior vagus cord to the left ad- 
renal gland. That the “direct” vagus fibers to 
the adrenal are not found constantly is illustrated 
by Teitelbaum (’33). 

In contrast to the anatomical findings described 
above, Hoshi (’27) and HoUinshead (’36) could not 
demonstrate any changes in the nerve fibers pres- 
ent in the adrenal gland after having sectioned the 
vagus. Splanchnic section, however, resulted in 
the degeneration and disappearance of the nerves 
in the adrenal medulla. In agreement with the 
above, Kure, Wada and Okinaka (’31c) report that 
lection of both vagi below the diaphragm failed 
to cause degeneration of the fine medullated fibers 


passing to the adrenals. They claim that the 
vagus has no relation to the adrenal gland, for the 
parasympathetic nerve supply to the latter is 
derived from the spinal parasympathetic fibers in 
the splanchnic nerve. Maycock and Hislop (’39) 
failed to produce adrenalin secretion by stimulat- 
ing the vagus. 

n. HISTOLOGY OF THE ADRENAL NERVES 

Because of the ectodermal origin of the adrenal 
medulla, and the richness of the adrenal nerve 
supply, the histological study of the adrenal nerves 
has been, and stiU is, a matter of special interest. 
Among the earlier investigators, Gottshau (1882) 
thought that the medulla was mostly nervous in 
nature; while Fusari (1891) sought to establish the 
sympathicogenetic nature of the adrenal medulla 
by extensive studies of the intrinsic nerves of that 
organ. Some of the earlier reports, as weU as 
some of the more recent ones, deny the presence 
of nerves in the adrenal cortex. There is almost 
complete agreement, however, on the richness of 
the nerve supply to the medulla, differences exist- 
ing only in certain details. Though most reports 
contain accounts of intrinsic adrenal ganglia and 
nerve cells, there is no complete accord on this 
phase of the study. Undoubtedly the presence of 
ganglia is a matter that varies not only with the 
species but also with the individual animal, as will 
be pointed out subsequently. 

A, The capsular nerves of the adrenal gland 

In the preceding review of the gross anatomy of 
the adrenal nerves, the inconstant nature of a cap- 
sular plexus has already been referred to. Small 
ganglionic masses in the adrenal nerves have also 
been mentioned. Histologically, capsular nerves 
are reported by a number of investigators. Moers 
(1864) described capsular nerves which contained 
ganglia, the true nature of which he verified micro- 
scopically. Fusari (1891), who made studies in 
man, mice, rats, rabbits, hogs, cats and goats, ob- 
served a capsular plexus which also contained small 
ganglia. According to him, ganglia are found in, 
as well as immediately beneath, the capsule. Not 
all of the nerves that enter the capsule are dis- 
tributed to the adrenal gland, however, for some of 
them leave the capsule, and others penetrate the 
cortex only to alter their course and pass out again. 
Kolmer (’18) and HoUinshead (’36) have confinned 
this observation. Most of the capsular nerves 
are, however, ultimately distributed to the adrenal 
parenchyma. Dogiel (1894) also described cap- 
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sular plexuses in several different species of ani- 
mals, and he observed that these plexuses were 
intimately associated with the nerves distributed 
to the zona glomerulosa and reticularis. In addi- 
tion to the above, Renner (*14), Kolossow (^30) in 
the turtle, Alpert (^31) in man, and Pines and 
Narowtschatowa C31) in six species of mammals 
also describe capsular nerves. Renner and Alpert 
confirm the intimate relationship between the 
capsular plexus and the nerves in the outer layers 
of the cortex; while Kolossow, Alpert, Pines and 
Narowtschatowa, and HoUinshead (*36) confirm 
the presence of ganglia in the capsule of the adrenal 
gland. 

In histological studies of adult cat and kitten 
adrenals, Teitelbaum (unpublished) has observed 
that ganglia of variable size, some quite large, con- 
stantly lie in relation to the adrenal gland (Fig. 3). 
Less frequently some of these ganglia may be 
buried in the capsule of this gland. Because of 
the close relationship of the coeliac ganglia to the 
adrenal glands, especially on the left side, the 
author is of the opinion that the capsular ganglia 
of the adrenal gland are really displaced portions of 
the coeliac ganglion, as in the case of Hirt’s ‘‘epi- 
phrenic^^ ganglion, and the renal, or oft-called 
‘‘aortico-renal,’' ganglion. Not only do the nerve 
cells in the adrenal capsular ganglia closely re- 
semble those in the coeliac ganglion of the cat, but 
in serial sections through a block of abdominal 
tissue containing the adrenals, coeliac ganglion, 
and adjacent structure, the continuity of the ad- 
renal capsular ganglia and the coeliac ganglion 
can often be established. 

B, The nerves of the adrenal cortex 
1. The parench)mial nerves of the adrenal cortex 

Though Nagel (1836) observed that nerves were 
distributed to the adrenal cortex as well as to the 
medulla, Moers (1864) claimed that the nerves 
pass through the cortex to the medulla without 
being distributed to the cells of the former at all. 
According to Fusari (1891), Nagel was the only 
one of the earlier investigators to describe nerves 
in the adrenal cortex. Fusari also observed many 
nerves in the cortex. Eath capillary, according 
to him, is accompanied by at least one fine nerve 
fiber. There are also other nerves which are inde- 
pendent of the blood vessels. The nerve fibers of 
the adrenal cortex arise either from the capsule or 
from the medulla; or more rarely from the nerve 
bundles which pass through the cortex. Concern- 


ing the ultimate terminations of the cortical nerves, 
Fusari states that the cortical cells do not have 
any intimate relationship with the nerve fibers as 
is the case in the medulla. 

Following Fusari, Dogiel (1894), who studied 
the adrenal nerves in several species of mammals, 
classified these nerves into three groups; capsular, 
cortical, and medullary. Dogiel describes nerve 
plexuses around the blood vessels of the adrenal 
gland. The nerves of the capsular plexus are inti- 
mately associated with those of the zona glomeru- 
losa, and from the glomerular zone the fibers pass 
to the zona fasciculata. The fibers which pass 
between the cell columns of the zona fasciculata 
anastomose with the fibers of the zona reticularis, 
which has the richest nerve supply of the three 
zones in the cortex. The finer branches of the 
cortical nerves surround the cells in groups. No 
intercellular nerve endings are present. 

Elliott (’13) pointed out that the nerves that 
pass through the cortex to the medulla are mye- 
linated; and that these nerves degenerate after the 
splanchnic nerve is sectioned. Renner (’14, ’31) 
confirms most of Dogiel’s findings; while Kolmer 
(’18) observed that nerve trunks pierce the cortex 
to supply the zona reticularis and the medulla. 
Some of the nerves pass out again through the 
cortex, however, to end somewhere else in the 
sphere of the autonomic nervous system, accord- 
ing to the latter author. 

Hoshi (’27), reverting to the earlier conception 
concerning the absence of nerves in the cortex, 
denies the fine distribution of nerves among the 
cortical cell groups. In birds the nerves are dis- 
tributed only to the medullary cells, according to 
Hoshi. In mammals the nerves pierce the capsule 
and cortex to be distributed among the cells in the 
medulla. Contrary to Hoshi’s observations in 
birds and mammals, Hirt (’30) reports that in 
frogs (Rana temporaria and R, esculenta) the fine 
branches from the plexus on the surface of the 
adrenal penetrate into the latter, and spread out 
among the individual cells. Though Hirt could 
find no nerve endings, he did note that there was 
no difference in the relationship of the nerves to 
the medullary and cortical cells. 

In the turtle (Emys europaea) Kolossow (’30) 
observed that the cortical (interrenal) tissue of 
the adrenal is not as richly supplied by nerves as 
is the medullary tissue. The cortical fibers are 
thicker than those of the chromaffine tissue, and 
they surround cell groups rather than individual 
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cells. Kolossow is of the opinion that the failure 
to follow the cortical fibers into the cell groups, 
and see their ultimate termination among the cells, 
is due to technical difficulties which arise from the 
presence of the cortical lipoid. 

On the basis of the findings already mentioned 
one might readily conclude that the absence of 
nerve endings in relation to the individual cortical 
cells is an established fact, but more recently 
Alpert (*31), in his detailed study of the human 
adrenal, came to conclusions diametrically op- 
posed to that mentioned above. 'According to 
Alpert, the nerves of the cortex are non-myelinated, 
and they enter either along with the blood vessels 
or alone. The zona glomerulosa receives its nerve 
supply from the capsular nerves, and not only the 
glomerular cell groups, but also the individual 
cells of these groups are surrounded by nervous 
networks. In addition, Alpert describes intra- 
cellular nerve terminations. The zona fasciculata 
is supplied by fibers derived both from the capsule 
as well as from the zona glomerulosa. They pass 
between the cell columns to which they give off 
branches. These branches form plexuses around 
the cell columns, and give rise to fine intercellular 
as well as intracellular nerve endings. The zona 
reticularis nerve plexuses which are derived from 
the fascicular and capsular nerves are richer than 
those located in the more superficial cortical layers, 
and they also give rise to pericellular networks and 
intracellular nerve endings. 

Alpert stands more or less alone in his findings 
concerning the finer details of the nerve endings in 
the cortex, for even Pines and Narowtschatowa 
(’31), who studied the adrenal nerve supply in the 
ox, rabbit, cat, dog, mouse and rat, using the 
Cajal, Weigert and Nissle techniques, conclude 
that the cortex is sparsely innervated in compari- 
son to the medulla, and that the nerves end in 
relation to cell groups rather than individual cells. 
More recently Hollinshead (’36) in the cat and 
Swinyard (’37) in the cat and in man, contrary to 
Alpert, failed to find any definite evidence of 
cortical innervation. 

The extreme differences reported above might 
be explained either on the basis of the different 
species of animals studied, or on the basis of tech- 
nical difficulties involved in staining the nerves 
in the adrenal cortex, as mentioned by Kolossow. 
These difficulties have been duly impressed upon 
the mind of the author in his efforts to stain the 
adrenal nerves by means of Bielchowsky ’s pyridine- 
silver technique. In the case of the cortex, one 


must not only contend with connective tissue 
affinity for the silver, but also with the avidity of 
the cortical cells themselves for that metal. 

2. The vaso-motor nerves of the adrenal cortex 

Detailed studies of the terminations of the 
adrenal nerves in relation to the blood vessels of 
that gland, as have been made in the thyroid 
gland, for instance, by Anderson (1894), Briau 
(1897-98), Rhinehart (’12), Popow (’28), and 
Nonidez (’31, ’32), have not been made — ^at least 
not as far as the knowledge of the author is con- 
cerned. Fusari (1891) observed that each capil- 
lary is accompanied by at least one fine nerve fiber; 
while Dogiel (1894) states that the nerves form 
plexuses around the larger blood vessels and ca- 
pillaries, thus disagreeing somewhat with Fusari, 
who does not report any plexuses. Alpert (’31) 
remarks that the nerves may enter the cortex 
either in company with blood vessek or alone, and 
that nerves in the zona fasciculata pass between 
the cell columns along with the blood vessels. In 
the medulla Alpert found that nerve cells are occa- 
sionally located in the walls of the blood vessels. 
Pine and Narowtschatowa (’31) are no more en- 
lightening on this subject than are their prede- 
cessors, for they merely mention the fact that the 
nerves usually follow the blood vessels. The 
more recent work of Hollinshead (’36) in the cat 
reveals that small groups of lone fibers accompany 
blood vessels into the cortex and lose themselves 
on the walls of these vessels. In the medulla 
some fibers run in contact with blood vessels. 
Nerve fibers can be seen in the media of the vessels, 
and are apparently concerned with the innervation 
of the musculature. 

Though no detailed histological studies of the 
terminations of the vaso-motor nerves in the ad- 
renal gland are available, that such nerves actually 
exist has been well substantiated by many physio- 
logical experiments: Biedl (1897), Dreyer (1898- 
99), Hallion (’21), Schklawera and Kusnetzow 
(’23) and Kure, Wada and Okinaka (’31c). 

3. The intrinsic ganglia of the adrenal cortex 

Though there is rather unanimous agreement 
concerning the existence of capsular ganglia, no 
such harmony exists with regard to ganglia in the 
adrenal gland itself. Dogiel (1894) states that 
nerve cells are present either singly, in small groups, 
or in ganglia. They are usually located in the 
nerve trunks, mostly in the medulla, and only 
rarely in the cortex. That the presence of ganglia 
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in the adrenal gland varies with the different spe- 
cies, and most likely even with the individuals of 
any one species, is made quite evident by Dogiel, 
for he states that nerve cells are most commonly 
found in the guinea pig, while they are less nu- 
merous in the dog and cat, and rare in the rat. 
Though having studied literally hundreds of sec- 
tions through cat adrenals, the author has never 
observed any nerve cells in either the cortex or 
medulla of that gland. Renner (*14, *31) could 
find no ganglia in the adrenal cortex; while Hoshi 
('21), who seldom observed nerve cells in the cat 
and guinea pig, failed to find them in the rabbit, 
either in the cortex or medulla. Though Alpert 
(^31) and HoUinshead (’36) mention no cortical 
ganglia. Pines and Narowtschatowa (’31) describe 
nerve cells in all parts of the adrenal gland, includ- 
ing the cortex. The nerve cells in the adrenal 
vary considerably in number in different animals 
according to these authors. They may be multi- 
or bipolar, and are characteristically sympathetic 
in nature. 

The inconstancy of nerve cells in the adrenal 
gland is most likely characteristic of the other 
endocrine glands also. Evidence that such is the 
case for the thyroid is presented in a recent review 
on the innervation of that gland by Teitelbaum 
(’34a). 

C, The nerves of the adrenal medulla 

1. The parenchymal nerves of the- 
adrenal medulla 

In contrast with the negative findings of Hoshi 
(’27), HoUinshead (’36), and Swinyard (’37) con- 
cerning the existence of nerves in the adrenal cor- 
tex, there never has been any doubt as to the pres- 
ence of nerves in the adrenal medulla. As a 
matter of fact some of the earlier histologists were 
actuaUy of the opinion that the cells of the adrenal 
medulla were neural in nature. Moers (1864) 
refers to the fact that KoUiker believed that the 
adrenal medulla was made of nerve cells. Moers 
himself was skeptical of this opinion, but never- 
theless he states that if the medullary cells are 
nervous in nature they are associated with the 
nerve trunks in the adrenal and no^ with the 
adrenal gland itself. Concerning the distribution 
of the nerves in the medulla, Moers states that 
after piercing the cortex they branch considerably 
among the medullary ceUs. Nagel (1836), who 
preceded Moers, also observed the branching of 
the nerves distributed to the adrenal medulla. 


Gottschau (1882) believed that the medulla was 
mostly nervous in nature, but he nevertheless 
denied that it could really be considered as part of 
the nervous system. Gottschau came to the con- 
clusion that the medulla fundamentaUy resembles 
the cortex; thus, knowingly or unknowingly, he 
classified it as a glandular organ. 

Though these earlier investigators reported the 
presence of nerves in the adrenal medulla, Fusari 
(1891) was among the first to give accurate detailed 
descriptions of the distribution of these nerves. 
The anastomoses and points of crossing among the 
small nerve bundles are so numerous, according 
to Fusari, that the entire medulla contains an 
extensive plexus of nerve fibers in good prepara- 
tions. Each group of medullary cells was found 
to be contained in a reticulum of nerve fibers, the 
nodes of which were applied to the cells, for the 
fibers lying in relation to the medullary cells were 
provided with discoidal nodules or small polygonal 
placques. 

According to Dogiel (1894), the medulla receives 
those nerves which are not distributed to the cap- 
sule, but which pierce directly into the adrenal 
parenchyma. The medullary nerves give rise to 
fine branches which build intricate plexuses among 
the cells. Varicose fibers penetrate between the 
cells where they anastomose to form plexuses. 
Renner (’14, ’31) confirms the descriptions pre- 
sented above, but Kolmer (’18), who found the 
nerves in the guinea pig medulla to be 'almost ex- 
clusively non-myelinated, could not find any fibers 
which ended as secretory nerves usually do in 
glands. Kolmer believed that many of the nerves 
in the adrenal medulla had their origin in that 
organ, and he therefore suggested that the nerves 
arising in the adrenal medulla had different chemi- 
cal and morphological affinities from those which 
entered from without. As has been previously 
mentioned, Kolmer conjectured that the secre- 
tory product of the adrenal medulla is in some way 
released through the adrenal nerves. In the 
human adrenal Kolmer observed that some mye- 
linated nerves pass to the medulla where they end 
in lamellated enlargements of complicated pat- 
tern. These enlargements have connective tissue 
sheaths. 

In the frog, Hirt (’30) observed that the nerves 
pass from the adrenal capsule into the parenchyma 
of that gland, and spread out to surround the 
individual cells without giving rise to any nerve 
endings. In the turtle Kolossow (’30) describes 
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the fine nerves of the chxomaffine tissue as paie- 
txatiiig among the strands of meduUaiy cells to 
fom intricate plexuses. The fibers ultimately 
terminate in relation to the individual cells. One 
fiber may come in contact with several cells. 
C^traxy to Hirt’s observations in the frog, Kolos- 
sow reports that the nerve fibers in the turtle 
medulla bear enlargements which are approxi- 
mated to the cells. A fine network is discemable 
in these Enlargements. Kolossow is of the opinion 
that the turtle medulla is not as richly supplied 
with nerves as is the maniTiriftliaT^ adrenal medulla. 

Aipert ('31) does not agree with the contention 

Dogiel that the nerves to the medulla do not 
arise from the capsular nerves, but rather from 
those which pierce the adrenal parenchyma di- 
rectly. Aipert classifies the nerves to the human 
adrenal medulla into three groups: (1) Myelinated 
nerves which arise from the capsule and pass to 
the medulla where they form S 3 mapses with the 
nerve cells present. These nerves lose their mye- 
lin in the medulla. (2) Non-myelinated fibers 
that are distributed to the region between the zona 
reticularis and medulla. These pass at right 
angles to the fibers of group (1), and give rise to 
branches that pass into the medulla. (3) Nerves 
in the walls of the large blood vessels that enter 
the medulla. These are fine and non-myelinated. 
Concerning the finer ramifications of the medullary 
nerves, Aipert states that they anastomose little, 
are finer than the cortical fibers, a condition ob- 
served in the turtle by Kolossow, and they enmesh 
the cells both in groups as well as individually, 
giving rise to intracellular terminations that end 
near the nuclei of the chro maffin ^ cells. 

Pines and Narowtschatowa ('31) do not agree 
with Alpert's finer details, for they describe intri- 
cate plexuses which give rise to fibers bearing 
varicosities and intercellular endings. Though no 
intracellular endings were observed, these authors 
describe fibrillar end-knobs which end in the con- 
nective tissue, and which they consider as afferent 
in nature. Popow ('28) has described similar 
endings in the th 3 rroid and he interprets them as 
afferent also. It must be kept in mind, that while 
A4>ert studied the human adrenal. Pines and 
Natowtschatowa studied the adrenals of several 
mammals, not including that of man, however. 

Mont recently HoUinshead ('36) described a 
deUeate pleaus in the cat medulla. This sur- 
iwnded the cell groups, and gave rise to fine fibrils 
t)kat passed between the cells. The nerve endings 
Masisted of end bulbs and ring'^Uke terminations. 


The larger bulbs smnetimes resembled celis. No 
intracdlular endings were iound. While the 
smaller fibers were found to cross frequently there 
was no evidence of anastomosis. Swinyard ('37) 
confirmed the findings of HoUinshead. 

As has already been mentioned, on the basis of 
the findings of EUiott ('13), Hoshi ('27), Hollins- 
head ('36), and Swinyard ('37), a good portion of 
the nerves in the adrenal medulla are preganglionic 
and splanchnic in origin, and they are supposed to 
terminate in relation to the cells of the adrenal 
medulla without the intermediation of an inter- 
calated neuron. 

2. The vaso-motor nerves of the adrenal medulla 

As in the case of the cortex, few of the investiga- 
tors mentioned above have paid much attention to 
the relation of the nerves in the adrenal medulla to 
the blood vessels of that organ. Aipert ('31) 
describes ganglion cells as lying in the walls of 
blood vessels occasionaUy. According to Pines 
and Narowtschatowa ('31), nerves foUow the 
blood vessels and branch simultaneously with the 
latter. Even the smaller vessels are accompanied 
by nerves. The plexuses, which form about the 
vessels, give rise to nerve endings which penetrate 
to the adventitia and media and serve vaso-motor 
functions. These findings are confirmed by 
HoUinshead ('36), who was also able to find nerve 
fibers in the media of the vessels. 

3. The intrinsic ganglia of the adrenal medulla 

Moers (1864) mentions the presence of gangUa 
in the adrenal gland. Gottschau (1862), who 
studied the adrenals of man, cattle, and sheep, ob- 
served that there was a preponderance of nerves 
and nerve cells in the inferior pole of the adrenal. 
Gottschau was of the opinion that the adrenal 
medulla was mostly nervous in nature. This con- 
ception is most likely the foundation of the theory 
of neural transmission of adrenalin invoked im- 
pulses, as suggested by Jacobj (1892), EUiott ('13), 
Kolmer ('18), Rindt and Kahn ('29), and Crile 
('31). That the chromaifine cells do have a 
peculiar relation to the nerves in the medulla is 
evident from the work of EUiott ('13) and Hoshi 
('27). CAitrary to the condition existing in other 
organs, the chromafiine cells are innervated by 
pregangUonic rather than postgangUonic neurones. 
This would indicate that these ceUs are probably 
modified post-gangUonic neurones. 

The fiber details of the nerve ceUs found in the 
adrenal have been described by Fusari (1891). 
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According to him, both the large nerve bundles 
as well as the smaller branches contain nerve cells. 
The number of these cells varies in different species 
of animals, being frequent in the rabbit and less 
numerous in the goat and mouse. The cells meas- 
ure from 8 to 30 microns in diameter, and are fusi- 
form or spherical in shape. Both types of cells 
have two prolongations as a rule. In .some cases 
there may be only one process, probably due to the 
failure of the smaller process to take up the stain; 
for when two j)rolongations are present, one is 
large, and one small. The larger prolongation is 
continuous with the fii)ers of the nerve proper, 
while the smaller one penetrates into the medul- 
lary parenchyma in true postganglionic fashion. 

Nerve cells may also be found along the sides of 
nerve Imndles, especially in rabl)its. 'rhese cells 
are usually spherical and they possess two pro- 
longations, the larger of which joins the bundle 
while the smaller is distributed to the parenchyma. 
( )ther polygonal nerve cells are present and are pro- 
vided with branched prolongations. These cells 
are located along the smaller nerve bundles and 
isolated fibers which are found among the groups 
of medullary cells. 

Dogiel (18<>4) does not entirely agree with 
Fusari’s description of the nerve cells in the ad- 
renal medulla. He claims that they are most 
numerous in the guinea pig, less numerous in the 
dog and cat, and seldom present in the rat. Dogiel 
describes small and large multipolar cells. The 
processes of the small cells form plexuses around 
the larger ones. ( )ne of the processes could be fol- 
lowed to the cells of the medulla, as described by 
Fusari. The significance of the pericellular net- 
work in relation to the larger nerve cells is really 
difficult to surmise. Dogiel claims that bipolar 
nerve cells may also be present near the multipolar 
cells. 

Though not agreeing with all of the findings of 
either Fusari (1891) or Dogiel (1894), Renner ('14, 
’31) confirms some of the observations of both. 
According to Renner, the medullary nerve cells lie 
either individually among the chromaffine cells 
or in groui)s of 2 to 30. They are of the sympa- 
thetic type. The isolated cells have no capsules, 
but the grouped cells are definitely encapsulated. 
The processes of the isolated cells end in direct 
relation to the medullary cells, contrary to Dogiel’s 
observ^ations. The small bipolar cells of Dogiel 
were found by Renner in several animals, but not 
in man. 

Opposed to Dogiel’s (1894) observations in the 


guinea pig is the failure of Kolmer (’18) to find any 
nerve cells in the adrenal medulla of that animal. 
Though Kolmer believes that nerve cells can be 
found in some animal forms, he contends that the 
presence of an abundance of nerve cells in the 
adrenal medulla, as maintained by the earlier in- 
vestigators, must be viewed with .skepticism. 
Nerve cells in the adrenal medulla are the excep- 
tion rather than the rule, according to Kolmer, 
and his contention is supported by Iloshi (’27) 
who could not find any nervx* cells in either the 
cortex or medulla of the ral)bit. The author’s 



Fig. 3. (iAXOLioN in Fapsi lk of .-Vdren.ai. Gland 
OF THE Cat 


The cells of the zona gloincrulosa of the cortex are 
evident with their lipoids stained black. (Marchi 
technique.) 

observations in the cat also confirm Kolmer’s 
views. Hollinshead (’36) could find only few 
nerve cells in the cat medulla, and these in- 
consistently. 

Alpert (’31) in man, and Pines and Narowtscha- 
towa (’31) in several species of mammals, do not 
agree with Kolmer. Alpert describes ganglion 
cells as being present in all parts of the medulla, 
even in the walls of the blood vessels. Nerve 
fibers enter the nerve cells and emerge through the 
processes to terminate among the medullary cells. 
According to Pines and Narowtschatowa, the 
ner\^c cells which are present in all parts of the 
adrenal, as well as in the nerve bundles themselves, 
are characteristically sympathetic. They var>' 
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considerably in number, may be isolated or 
grouped, and either multi- or bipolar. 

The significance of the data on the presence or 
absence of nerve cells in the adrenal medulla is 
not a matter of mere morphological interest if the 
findings of Elliott (’13), Hoshi (’27), Hollinshead 
(’36), and Swinyard (’37) are recalled. If the 
adrenal medulla docs contain a rich supply of 
nerve cells, then it is possible that the splanchnic 
nerve preganglionic fibers to the adrenal do not 
end in direct relation to the chromaffine cells 
but rather in relation to the nerve cells in the 
medulla. However, if those are correct who con- 
tend that the presence of nerve cells in the adrenal 
medulla is an exception rather than the rule, then 
the preganglionic splanchnic fibers do end in direct 
relation to the chromaffine cells, as maintained by 
Elliott and Hoshi. 

HI. SUMMARY 

The apparently excessive nerve supply to the 
adrenal gland is related to its ectodermal organ and 
to its proximity to the coeliac plexus. The ad- 
renal gland is innervated through the adrenal 
plexus, which receives its fibers from the splanch- 
nic nerve, sympathetic trunk, coeliac ganglion, 
vagus nerve, and sometimes the phrenic nerve. 

The sympathetic nerves to the adrenal arise in 
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the lower thoracic spinal segments and traverse 
the splanchnic nerves and sympathetic trunks. 
Some of these fibers pass directly to the adrenal 
from the splanchnic nerve, without first passing 
through the coeliac plexus. The parasympathetic 
nerves to the adrenal arc usually derived from the 
dorsal vagus cord (Figs. 1 and 2) and sometimes 
from the anterior vagus cord also. According 
to Kurc, spinal parasympathetic fibers pass to the 
adrenal through the splanchnic nerve. The vagus 
fibers may either pass directly to the adrenal or 
they may first traverse the coeliac ganglion (Fig. 
1). Some authors deny the distribution of vagus 
fibers to the adrenal gland. Fibers to the adrenal 
from the phrenic nerve, as well as from an epi- 
phrenic ganglion, have been descubed. 

Histologically, a capsular plexus containing 
ganglia (Fig. 3) has been described. While some 
investigators have found nerves in the adrenal 
cortex, others deny their presence. 'J'here is 
comi)lete agreement on the extensive innervation 
of the cells of the adrenal medulla. The presence 
of nerve cells is not a consistent feature. There is 
only a paucity of anatomical data on the innerva- 
tion of the adrenal vessels. 

Chiang to the present war conditions the author has been 
unable to see his paper in galley proof. 
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THE INTEGRATION OF VEGETATION 

By W. F. GERICKE 


INTRODUCTION 

C ONFORMATION expresses the adap- 
tation of the plant to its environment. 
The multiplicity of species and varie- 
ties expresses the adaptation of 
vegetation as a whole to the diversities 
of soil and of climate. Integration of vegetation 
into a unity concept of adaptation, of form, of 
mineral absorption, of photosynthesis, and of crop- 
production per unit area exposure to sunlight is 
based on features that express the dependency of 
various plant parts on each other, but particularly 
the organs that absorb mineral nutrients and 
those that produce organic food for the roots. 
Conformation of plants changes with their advance 
in age. The features whereby species are arranged 
into an orderly assemblage of gradations, of con- 
tinuities, and of harmonies to a cosmic surrounding 
express this dependency progressively with age 
and with changes in environment. The features 
which express the dependency of photosynthesis 
on the mineral absorption, and vice-versa, the 
mineral absorption on photosynthesis, are the 
primary elements for integration. They follow 
a common pattern of change in all plants, with 
climate as the chief cause of plant distribution. 
With the roots of plants obscured in the soil this 
pattern of change with climate could not be ob- 
served with sufficient clarity to integrate vegeta- 
tion, but in hydroponics, with the growing roots 
visible so that they could be seen and studied, the 
results obtained in the last few years, from hydro- 
ponicums located in different climates, have now 
yielded the needed information for the integration 
of vegetation. 

The conformation of a plant expresses the differ- 
ences in the rates of growth of its parts. As plant 
distribution and culture are oriented by what cli- 
mate permits, the rates of growth of the parts at 
different temperatures and light intensities hold 
the key to integration. Temperature and light 
are the primary cosmic forces influencing certain 
chemical reactions fundamental in the origin of 
biologic forms and in their adaptation to various 
regions. Form reflects the character of a plant’s 


mineral nutrition and photosynthesis, and thereby 
the yielding capacity of agricultural crops per unit 
area of surface exposed to sunlight. The integra- 
tion of vegetation is based on the effects the 
primary cosmic forces have on the features which 
express the dependency of photosynthesis on 
mineral nutrition, and mineral nutrition on photo- 
synthesis. Placing species according to the 
amounts of mineral nutrients absorbed per plant 
per unit weight of plant and per unit area, also 
according to the amounts of sugar, starch, protein, 
and other products produced, the orders reveal 
progressive gradations in root and leaf characters 
which show both their interdependent and com- 
plementary relations. 

Conformation of plants is expressed by the ratios 
of ike parts to each other 

Conformation is expressed by using plant parts 
as the standard of comparison, expressing the 
measurements as ratios instead of as single dimen- 
sions. The dependency of photos>Tithesis on the 
mineral nutrition, and vice-versa, is implied by the 
ratio of root characters to that of tops. Species 
can be segregated into an array of categories by 
ratios such as weight of roots to tops — root diam- 
eter to leaf width — root diameter to total leaf 
area — root diameter to stem diameter — root 
spread to top spread — length of growth period of 
roots to total growth period of plants — and others. 
Closely allied species of similar leaf t3T)e such as 
wheat, oats, barley, rye, rice, com, and sugar cane 
can be arranged in order of yielding capacities, 
amounts of mineral nutrients absorbed, and other 
characters, by one feature only, such as the ratio 
of root diameter to leaf width. Several features 
are required to place the species of dissimilar 
types in the order of their yielding capacities and 
mineral absorption. A low weight ratio of roots to 
tops indicates low mineral absorption as the intake 
of nutrients is conditioned by root growth. How- 
ever, mere root growth among vegetation at large 
is, in itself, not a measure of the amount of mineral 
nutrients absorbed. Some species of high root-top 
ratio have low mineral absorption. No rapidly 
growing species of low root-top ratio such as water- 
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melon, and other vine crops, has high mineral 
requirement or absorption, but slow growing ones 
such as desert species might have. Vine crops 
usually require very rich soil to compensate for 
the low absorptive capacities of the roots. 

Temperature and light afect the ratios of root 
to top growth 

It is common knowledge that roots cannot stand 
as high temperatures as the leaves, hence the 
lowest root-top weight ratio for any species pre- 
vails in the hottest climate in which it can be 
grown, while on the other hand the highest root-top 
weight ratio is attained in cooler climates for 
which the species is adapted. The highest mineral 
absorption per plant corresponding to the largest 
root growth is in the cooler climate, but due to 
restriction of growth at highest temperature, the 
amount expressed as per cent might not show this 
difference, and in some plants might be higher for 
certain elements. The highest root-top ratio does 
not always prevail at the lowest growth tempera- 
ture for all plants, for the roots of some species 
can not stand as cold temperature as the leaves. 

The effect of increasing light intensities on root 
growth is different from that of temperature. 
Highest root-top ratio prevails where light is 
adequate for maximum photosynthesis, which for 
all high energy crops is full exposure to the summer 
sunshine. Lowest root-top ratio prevails where 
light is inadequate for maximum photosynthesis, 
but still adequate for foliar growth without leaves 
losing any color when the plants are grown at 
normal summer temperatures. Under such inade- 
quate light conditions, leaves attain very large size 
but lack or are low in sugar or starch. The largest 
quantity of sugar in sugar beets, the largest amount 
of starch in wheat, the sweetest tomatoes, and the 
sweetest fruits of vines or trees are never produced 
by plants which have the largest leaves the species 
can produce. The largest yield of starch, sugar, 
or protein per unit area is obtained under light 
conditions which cause a moderate restriction 
from the maximum leaf size which the species is 
genetically capable of producing. This is in 
conformity with the laws governing plant con- 
formation. It is a factor to be considered in the 
integration of vegetation into a unity concept of 
adi^tation to its environment. 

Specms of the same general leaf-type and root 
g^qmih cm be placed in order of the yielding 
€i(padties for starch or sugar per unit area by the 


ratio of root diameter to leaf width. The order fbr 
the largest yield per acre of the seven important 
members of the grass family is sugar cane, com, 
rice, barley, wheat, oats, rye. It is significant 
in the study of adaptation, but must be passed 
here without comment, that the largest 3 rields of 
each of these crops reported for the northern 
hemisphere were obtained in the northern 
half of the latitudinal zone in which the crop is 
grown. The order of the production data of the 
seven crops stated above is in agreement with the 
placement of the species by the diameter of the 
thickened roots, which convey organic food to the 
younger, thinner, and more remote mineral ab- 
sorbing roots. It is also in agreement with the 
placement of the species for leaf surface per unit 
area of earth surface exposed to sunshine. How- 
ever, these crops have different lengths of growth 
periods, but arranging the production data for an 
equal length of time the order is com, sugar cane, 
rice, barley, wheat, oats, rye, and is in general 
agreement with placement by leaf width except 
for oats, which should stand before wheat. There 
is, however, overlapping of varieties, particularly 
rice, barley, wheat, and oats, when placement is 
by leaf width only, but considering only those 
varieties which are best suited for the general area 
in which the crop is grown extensively, leaf width 
indicates the relative productive capacity of each 
species. Varietal characteristics that cause over- 
lapping when placement is by one feature only, 
however, gave the key to integrate other groups of 
vegetation, for variation in one character has 
correspondence in another which can be traced in 
the varieties of the same species. 

Placement of principal crops of grass family for 
various characters by root to top ratios 

By the law of conformation in plants, one 
dimension indicates others. Leaf width in cereals 
gives an approximation of the total leaf area of the 
species. Similarly, the thickness of the roots con- 
veying organic food in the upland cereals gives a 
measure of the spread of their mineral absorbing 
roots. The largest amount of nitrogen absorbed 
from an acre of land by the crop of widest geo- 
graphic distribution was from the largest yield of 
wheat which was approximately 7500 pounds of 
grain. The root-leaf features of this crop give the 
basis for comparison of absorption of this element 
by other species. As the diameter of the roots 
conveying organic food to the mineral absorbing 
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roots increases in barley, rice, com, and sugar cane 
the per cent nitrogen in the plant becomes smaller 
but the total amount absorbed may be the same, 
larger, or smaller, depending on size of the plant. 
The com plant absorbs much more nitrogen than 
the wheat plant because it has more root area of 
the same diameter and character as wheat. Rice 
and barley which do not exceed wheat in size have 
less nitrogen per plant, but varieties of both, 
having large tillering capacities, do absorb more 
than those wheat varieties which tiller sparsely. 
As the diameter of the roots conveying organic 
food decreases in rye and in the species of all other 
groups of vegetation, the per cent nitrogen in the 
plant, or the total quantity absorbed per unit area 
of land, decreases. Rye has the narrowest leaf, 
and the lowest leaf area per unit height of plant, 
of the conunon cereals extensively grown. Rye 
grain varies least in nitrogen of the high protein 
cereals. Emmer, a wheat, has narrow leaves and 
likewise varies little in protein compared to the 
broader>leafed bread wheats. Oats varies con- 
siderably in leaf size and root diameter, which is 
reflected by variation in the nitrogen content of 
the grain. Wheat has the greatest range of 
variation in per cent and amount of protein in the 
grain of all cereals as the protein may constitute 
from 6 to 28 per cent of the weight of the seed. 
Species of large roots such as com vary less in 
nitrogen than those having smaller root diameter, 
but very fine roots do not have high absorptive 
capacity for nitrogen and hence variation is small 
in such cases. 

Effect of root and leaf characters on the variation of 
protein in the cereals 

Every species and variety has a minimum or 
irreducible per cent of nitrogen and of each of the 
other nutrients below which the plant or its 
products can not exist. Variation in the per cent 
protein of any species or variety can be expressed 
as the quantity of nitrogen absorbed above the 
plant’s minimum requirements. Variation in per 
cent protein is due to those quotas of nitrogen 
absorbed during the latter growth stages of the 
plants as that which is absorbed early functions 
for maximum vegetative enlargement, which is the 
complement of the minimum. Withholding nitro- 
gen from the culture media during the latter 
growth stage of wheat results in large yields of low 
protein, well filled, high starch content grain. 
Maintaining ample supply throughout the entire 


growth period results in high protein grain with 
lower starch content. Similar treatment of rye 
or rice has little or no effect in changing the nitro- 
gen content of the grain. The narrow-leaved rye 
and its smaller leaf area per unit height of plant 
restricts photos)mthesis compared to that of wider- 
leaved species and consequently the amount of 
organic food for the absorbing roots. The absence 
of thickened roots which convey organic food 
precludes large spread of the finer roots and lessens 
the plant’s absorbing capacity. Significant differ- 
ences in thickness of roots usually do not show in 
seedlings a few weeks old, but show when the 
plants are in full vegetative vigor and gr^test 
photosynthesizing capacity. In laboratory studies 
where plants were grown under glass in 
containers of nutrient solution these differences 
could not show up because of limited photosynthesis. 
Rice has the thickest roots of all the small 
grain cereals but has very limited spread of fine 
roots of the diameter of those of wheat when the 
plants obtain full size. Consequently, rice gener- 
ally is the highest in per cent starch and lowest in 
per cent protein of the cereals. In certain varieties 
where this may not hold, the explanation lies in 
the smaller diameters of the roots and narrower 
leaves. By proper grouping of plants, thickness 
of roots can be used as a measure of the quantity 
and quality of mineral absorption of different 
species and varieties. Rice grown in water sub- 
merged fields or paddies has the lowest root-top 
ratio and the lowest mineral absorption of the 
cereal crops. Com has the greatest spread of fine 
roots of the diameter of those of wheat which bear 
from the thickened roots. It exceeds all cereals 
and sugar cane in photosynthetic power, mineral 
absorption, and protein production per plant. 
Sugar cane has the largest spread of thickened roots 
of this group of plants. They drive deeply into 
cooler soil below, overcoming the effect hot climate 
has on the root-top ratio of finer rooted plants. 

When species of similar leaf types having 
moderate rates of growth are arranged in the order 
of increase in leaf size, their starch and sugar 
production per unit area of earth’s surface in- 
creases, and conversely, when they are arranged in 
descending order for leaf size, their protein content 
increases. These products are in part comple- 
mentary, and the conditions favorable to a plant 
for high production of protein is unfavorable to 
its highest production of starch or sugar, and vice- 
versa. Plants high in starch, sugar, or protein 
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have rektivdy high root-top ratio and mineral 
absorption. Plants having low root-top ratio have 
correspondingly low mineral absorption and low 
production of starch, sugar, or protein per unit 
area. 

The ratios of the diameters of the thickened 
roots to the widths of the leaves in the high energy 
plants of the grass family are narrow and essen- 
tially alike in all species, as the wider-leaved plants 
have correspondingly thicker roots. Similarly, 
other high energy plants, not members of the grass 
family, such as potatoes, likewise show the same 
general narrow ratio between leaf area for photo- 
synthesis and volume of those roots that convey 
organic food to the mineral absorbing organs. 

The ratios of leaf width or leaf area of plants low 
in starch, sugar, and protein production to root 
volume are different from those of the high energy 
crops and segregate into several categories depend- 
ing on a number of circumstances that cannot be 
developed in this short paper. Plants of low 
photosynthesizing capacity obviously do not re- 
quire thickened roots to convey organic food. 
Cabbage, celery and lettuce have much thinner 
roots than wheat that bear from the root crown 
or central branching tap root. Although they 
have many very fine roots their absorptive capaci- 
ties are low and richer soil is required for good 
crops of plants in this classification than is the 
case with wheat or other high energy plants whose 
roots are thicker and have greater absorptive 
power. 

Other categories of root to top ratios of plants 

A second category of low energy content and 
low mineral absorption vegetation is rapidly 
growing species common to warm climate, such as 
watermelon and other vine crops. Rapid foliar 
growth limits the amount of photos3aithetic ma- 
terials available to roots, and too high soil tem- 
perature might also restrict their growth. The 
root-leaf features of this group of vegetation are 
large leaf area and small root volume for organic 
food. This restricts mineral absorption. The 
amount of carbohydrates produced by an acre of 
densely covered vine crop such as watermelon, 
pumpkin, or tomatoes is small compared to that 
of wheat, rice, or com. 

A third category of low energy content and low 
mineral absorption vegetation is typified by one 
of the worst weeds of agriculture, a convolvulus, 
commonly known as morning glory or bindweed. 


It gives the pattern for the root-leaf features for 
perennials, including trees. Integration of peren- 
nials involves consideration of the relation of 
starch, sugar, and protein to the production of 
cellulose, a subject that will be treated in other 
papers. The ratio of root-leaf features of con- 
volvulus are essentially opposite to that of the 
other low energy group above mentioned. Peren- 
nials are dependent on the storage of a large part 
of the products of photosynthesis for renewed 
growth the next season. This requires a moderate 
rate of growth so that photosynthetic products 
may accumulate for storage. The pernicious 
habit of convolvulus is its moderate rate of growth 
whereby much of the products of the leaves are 
made available to the buds in ;the roots. The 
ratios of the root-leaf features of this category of 
vegetation are those of relatively small photo- 
synthesizing area, and large root volume. Pro- 
gressive increase in root volume with growth 
implies additional need for organic food or increase 
in leaf area. A moderate rate of increase of 
photosynthesizing area integrates into species with 
small leaves or a slower rate of growth than those 
having large foliage. Species having a moderate 
rate of foliation store more organic food in the roots 
than those having a high rate. 

A fourth category of low energy content vegeta- 
tion has very high mineral content due to its low 
rate of vegetative enlargement and long period of 
mineral absorption which is characteristic of 
desert vegetation. Integration of this group is 
oriented from the standpoint that these plants 
are repositories of inorganic elements rather than 
of the organic compounds which are the bases for 
the other categories. 

Relations of rate of growth of plants to the production 
and storage of starchy sugary and protein 

Highest sugar or starch production per plant or 
per unit area requires a moderate rate of growth of 
vegetation. Too slow growth limits leaf area, that 
is photosynthesizing surface, and too rapid growth 
either of roots or leaves uses the products for 
vegetative enlargement thus leaving little for 
storage. Protein production also is influenced by 
rate of growth, but not as pronouncedly as starch 
or sugar. Slow growth, small leaves, and highest 
per cent protein in seedlings— that is, the small 
statured state of vegetation — are associated 
phenomena. However, a large amount of protein 
production per imit area is dependent on con- 
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tinued growth of plants but too rapid vegetative 
enlargement dilutes the per cent by increasing the 
size of the plant — that is the area of production. 
Within the scope of these circumstances lie the 
factors for integration of vegetation for form which 
expresses the plant’s adaptation to the circum> 
stances of environment. Form is the means 
whereby the rate of growth of plants is adjusted 
to cosmic forces which affect fundamental chemical 
reactions. Rate of growth integrates into time 
required for a plant to produce a given amount of 
starch, sugar, protein, or their equivalents in other 
botanic products. The conditions whereby the 
highest amount of starch, sugar or protein are 
produced are the bases from which other cultural 
conditions are oriented. Only after mineral ab- 
sorption, but particularly nitrogen, has declined 
either by depletion in the soil or by stoppage of 
new root growth, or unfavorable conditions to 
vegetative growth, can starch or sugar accumulate 
in high energy crops. The amount which the 
plant stores within itself depends on the leaf area 
and the length of period following the cessation of 
vegetative growth before the decline of the foliage. 
Protein does not accumulate in the plant after the 
absorption of nitrogen ceases — or otherwise ex- 
pressed, when vegetative enlargement has stopped. 
The distinction between the conditions for high 
protein and high starch or sugar production per 
unit area is that the one is dependent on continued 
vegetative growth, the other on ample vegetative 
enlargement during the early growth stage fol- 
lowed by a long period when the leaves are active 
in photosynthesis only. Protein production is 
essentially a process of youth of the foliage, that 
of starch or sugar one of maturity. Protein pro- 
duction can be integrated into the length of time 
the foliage of a species is in a state of youth, that 
of sugar or starch into that when foliage is in a 
state of maturity, but does not include senility. 

Plants can be segregated into categories by their 
root-top features, and species within each group 
arranged according to gradations based on the 
relationships that exist between (a) protein and 
carbohydrate synthesis, (b) protein production 
and rate of growth of plant, (c) sugar and starch 
production and rate of growth of plant, (d) protein 
production and length of the period of vegetative 
enlargement, (e) sugar and starch production and 
the length of time leaves are green but do not 
increase in size or number. The relations these 
various processes have one to another can be 
deduced from the conformation of the plants. 


Using conformation as the basis on which to orient 
plants for the mineral needs, productive capacities 
of agricultural crops, and adaptation of species to 
their environment, vegetative features of plants 
are the means whereby the correlation of vegeta- 
tion to its environment is established. Just to 
give an example of the profound interrelations of 
growth features in plants, a difference of one hour 
in the complete life span of two wheat plants of the 
same variety growing four months was detected 
by a corresponding difference in the composition 
of the grain. The higher per cent protein came 
from the plant which had the shorter life. The 
law of conformation requires that variation in one 
feature has a corresponding variation in another 
character. 

The principles brought out in arranging high 
energy crops of the grass family for their productive 
capacities of starch, sugar, and protein apply to 
other categories of vegetation such as legumes, 
various classes of trees, warm weather plants, 
cold weather plants, those of low light requirement, 
those of high light requirement, and other group- 
ings. Plants grown for products other than the 
primary energy materials, starch, sugar, protein, 
can not be placed solely by the amounts of these 
chemical compounds they contain. The relation 
these basic chemical compounds have to other 
botanic products, such as cellulose and water — 
the chief constituents of many species — ^must be 
considered in the integration. The dependency 
of root action on leaf action, and vice-versa, shows 
itself by distinguishing features. These show how 
species integrate into unity concepts of characters 
and of properties. 

Wheat — the pattern plant by which other species are 
measured 

The nitrogen requirement of species 

A series of books is required to present this 
subject in completeness but a general idea of it can 
be obtained by consideration of some of the 
primary factors which segregate vegetation into 
categories and these into gradations by the features 
which express the species’ requirements for each 
element. Integration requires use of features 
common to all vegetation for each element. The 
plant which has the greatest absorption gives the 
pattern of the features of that element which is to 
be integrated by the modiffcations which smaller 
quantities in other species manifest. Wheat has 
rile greatest absorbing power for mineral nutrients 
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of the plants having the widest geographical dis- 
tribution and can be taken as the basis from which 
other ^edes are oriented. The root-leaf features 
of the crop giving the largest production on record 
gives the pattern of the mechanism which absorbed 
about 200 pounds of nitrogen from an acre of 
ground and produced 7500 pounds of grain. Seed 
is the diief repository of the nitrogen and phos- 
phorus wheat absorbs. The seed-non seed ratio 
throws light on the character of the root-leaf 
dq>endence of various species and the distribution 
of nitrogen in the plant. The ratios of seed-non 
seed tissue cover a very great range among vegeta- 
tion. Seed outweighs non-seed tissue in some 
q>ecies but in others is a negligible fraction of the 
weight of the plant. The ratio can be used as a 
yardstick to segregate vegetation into categories 
and detennine whether or not the plant is an 
annual. All plants that have a high seed-non seed 
ratio are annuals but the converse, low seed-non 
seed ratio does not connote that all species belong- 
ing to this categoiy are perennials. Perenniality 
is dq>endent on the storage of a considerable 
quantity of the plants’ photosynthetic products, 
including some proteins, in the roots or in organs 
that will supply them later with organic food when 
growth is renewed. Storage of appreciable quanti- 
ties of materials in other plant parts than seed 
reflects itself correspondingly by a lower seed-non 
seed weight ratio. 

The amoimt of nitrogen stored in the seed is 
determined by the number, size, and composition 
of the kernels. Other things being equal, as the 
seed of other species of graminaceous oops in- 
creases in size above that of wheat the per cent 
nitrogen decreases, and as the size decreases the 
per cent nitrogen increases. The relations between 
composition and size in seeds of different species if 
properly grouped is similar to that of leaves. 
However, conditions are not equal, for diversity 
is the cause of species, and digression in the 
character of one feature of a given pattern is 
associated with covariation in other characters. 
For example, some rice seed is smaller than wheat, 
and also lower in protein. The integration of rice 
by the character of its seed involves the fact that 
the (dant can not absorb as much nitrogen as wheat 
because of its lack' of roots of requisite diameter 
and ^spread. Generally a large seed requires a 
jongertune for filling with starch, sugar, or protein 
than a small seed. It is common knowledge clover 
feed requires but a fraction of the time from 
pollination to maturity that com or wheat does. 


The factor time integrates vegetation having a 
high seed-non seed ratio into that having a low 
seed-non seed ratio, or otherwise expressed, is one 
of the terms required to integrate atmuals into 
perennials. 

Similarly, as the conformation of the whole plant 
is the result of the interplay of various factors, so 
its parts such as the seed have their own distinctive 
coidormations which likewise are the result of 
the interplay of various factors which can be 
integrated. In some cases the characters of com- 
parable parts of species can not be interpreted 
except through the features of dissimilar parts. 
The integration of com and clover by the physical 
characters of seeds, leaves, or roots only, is incon- 
ceivable, but the factor time b}rwhich species can 
be integrated for form unifies the diverse characters 
of these two plants so that they, like the pieces of a 
great jig saw puzzle, all fit into their proper places 
to complete the pattern of adaptation of vegetation 
to its environment. 

Seeds of legumes are higher in per cent protein 
than the non-legumes, but when properly grpuped 
follow the same general pattern as that of the 
cereal crops in the relation of change in size with 
per cent nitrogen. Likewise, their leaves when 
integrated to equal length of growth period foUow 
the same general pattern in these features as that 
of graminaceous crops. Proper grouping of species 
is fimdamental when arranging plants for their 
food requirements by one or more features which 
in themselves do not fully reflect the plants’ con- 
formation. Legumes have very wide geographic 
distribution — some are warm, others cold weather 
plants — some are annuals, others perennials — some 
have high, others low light requirement. The 
diverse characters of the legumes, notwithstanding 
the beclouding factor of symbiosis of the nitrogen- 
fixing bacteria, bring out some of the fundamental 
relations between (a) size and per cent protein, 
(b) age of plants and per cent protein, (c) length 
of growth period and per cent protein. The funda- 
mental consideration in the integration of vegeta- 
tion on the basis of starch, sugar, and protein 
production per plant and per unit area of earth’s 
surface is to express the relation climate has to the 
production of these products, or, expressing the 
matter otherwise, to show how the latitudinal 
distribution of these products manufactured by 
different species integrates into the length of the 
period of favorable light and temperature. The 
basic pattern on which all vegetation is integrated 
for its geographic distribution is that the nearer 
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to the trc^ics the plant » grown, the longer the 
period of favorable light and temperature, hence 
longer growth period, hence more photosynthesis, 
hence more starch and sugar production per unit 
area per year. The converse to this is, the more 
remote from the tropics — that is, the nearer the 
pole — the shorter the period of favorable light and 
temperature, hence shorter growing period, hence 
less phot083mthesis, but relatively more protein 
because short-lived species or annuals would be 
grown. Annuals are at home in the tropics also, 
where some have shorter, others longer growth 
periods, than those in cooler climates. The in- 
tensification of photos3mthetic processes, which is 
an element that must be considered in the integra- 
tion of species to climates, provides a shorter 
growing period, gives greater production per unit 
of time than in plants having a long growing 
period. A climate that favors perennial growth 
contains an element that operates against the 
accumulation of starch and sugar, for stoppage of 
vegetative enlargement is necessary for these 
products to accumulate as storage material. 
Stoppage of vegetative enlargement is also neces- 
sary for the production of high seed-non seed ratio 
in vegetation. As seed is higher in nitrogen than 
in any other part of the plant, it follows that the 
highest per cent protein a plant would have occurs 
during its seedling stage. The seedling stage of a 
plant’s growth integrates into small stature vege- 
tation. The greater the enlargement from the 
seedling stage, or the longer the life of the plant, 
the greater the decrease in per cent protein from 
that of its youthful state. The total amount of 
protein in the plant increases with growth, that is, 
with the absorption of nitrogen by the roots. 
When seed is produced, protein becomes localized 
and a new cycle of reactions begins with a new 
plant. A high seed-non seed ratio and a large 
production of seed per unit area by legumes require 
a moderate rate of vegetative growth. Peas are 
grown farther north and planted earlier in spring 
than beans. From the general pattern showing 
how starch, sugar, and protein production by the 
graminaceous crops, including sugar cane, vary 
with latitude, and from the general conditions 
governing the quantitative relation between pro- 
tein and carbohydrate synthesis in any plant, the 
growth pattern for the cool weather peas and the 
wann weather beans can be deduced. Expressing 
this in a comparative way, cool weather for peas 
means slower growth, smaller leaves, smaller seeds 
which are higher in per cent protein, and lower in 


per cent starch and sugar than beans. On the 
other hand cool weather also means longer growth 
period, hence lower per cent protein, and higher 
per cent starch and sugar than beans. Further- 
more, it could also be interpreted to mean a lower 
light intensity which could restrict root action and 
the absorption of nitrogen. Due to these opposing 
circumstances it follows that some species and 
varieties of beans are higher in protein or have 
smaller seeds and leaves than peas. However, 
when all elements of conformation are considered, 
variation in one feature from the general growth 
pattern of a plant, which can only be stated by 
comparing it with that of another, has compensa- 
tion in other features. These provide the ear- 
marks by which diverse species can be integrated 
into unity concepts. 

Plants low in starch, sugar, or protein which 
comprise many diverse species can be arranged in 
order of their absorptive capacities for nitrogen by 
the same tokens as the high energy and high pro- 
tein plants. They are integrated and unified into 
a pattern which expresses the relation of rate of 
growth to form. Rate of growth can be used as 
an expression of the length of time required for the 
species to reproduce itself in seed or if a perennial 
store sufficient organic food in the roots for re- 
newed growth the next season. Form integrates 
species into the chief elements of climate, light and 
temperature, by which all vegetatioit is oriented. 

The integration of vegetation is based on a 
series of relations, each of which considered from a 
purely physical point of view is obvious. They are: 
The association of (a) rapid growth and large 
leaves or large size of plants, (b) slow growth and 
small leaves or small size of plants, (c) rapid growth 
and short life of plants, (d) slow growth and long 
life of plants, (e) rapid growth and coarse cellular 
texture in plants, (f) slow growth and fine cellular 
texture in plants, (g) rapid growth and little 
storage of starch and sugar in plants, (h) slow 
growth and small leaf area, hence little photo- 
synthesis by plants, (i) perermial growth or long 
period of youth and short period of maturity of 
plants, (j) annual growth and relatively short 
periods of youth and of maturity, and others. All 
of these relations are influenced by cosmic forces 
chiefly temperature and light, which become ex- 
pressed by the conformation of the plants. 

Placing of the species for their requirements of 
other nutrients is in principle similar to that kA 
nitrogen, but additional earmarks are required for 
each element. The nitrogen background is 
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necessary to orient each species, as it is the only 
soil element with minor exceptions that is a 
constituent of protein. The other elements be- 
come part of the mechanism which manufactures 
protein and carbohydrates, but are not raw 
materials out of which these products are made. 

Calcium requirements of species 

Calcium does not become localized in plants, 
consequently a ratio of high calcium-low calcium 
tissue can not be used as a basis for orientation 
as in the case of nitrogen. The chief function of 
calcium is in the structure of cell walls. Con- 
ceivably the more cell wall per unit volume of 
plant tissue, the more calcium the species require. 
Plants vary in their cell structure. The smaller 
the cells the more wall tissue is required per unit 
volume of cellular structure. The mathematical 
formula for the relation of surface area to volume 
with change in the diameter of particles gives an 
index to the ratio of amount of cell wall per unit 
volume of cellular structure of cells of different 
sizes. A structure composed of large cells gives a 
narrow ratio between their surface area and 
volume, and that composed of small cells has a 
wide ratio between these features. Wheat, rye 
and barley, when in full vegetative growth, have 
many more fine roots than rice, hence wide ratio 
between root area and root volume. These plants 
have much higher calcium requirement than rice 
as shown by the marked injury they suffer in 
culture solutions devoid of this element. Cabbage, 
low in protein, carbohydrates, and mineral nu- 
trients, has many fine roots, smaller than those in 
wheat, and suffers markedly in calcium-free media. 
Sugar cane and orchard grass, low in per cent 
protein and fairly high in mineral nutrients, have 
thick roots which show markedly less injury in 
calcium deficient solution than plants character- 
ized by high per cent protein or very fine roots. 
Associated phenomena among vegetation are (a) 
high protein, fine roots, and high calcium require- 
ment, (b) low protein, low mineral content, very 
fine roots, and high calcium, (c) low protein, 
thick roots, and low calcium, (d) plants with 
pencils of tmbranched roots, producing a narrow 
ratio of root area to root volume, and low calcium 
requirement, (e) vegetation with thick roots 
wi^ penetrate de^y into soil layers richer in 
calcium than the surface stratum, with diverse 
caldton requirements depending on otiier features 
aitdi as the fineness of the deep roots and protein 
content. 


The root structures of plants having high calcium 
requirements suffer more injury from the lack of 
this element in the culture media than from that 
of any other element. As the root systems of 
species vary with the physical characters of the 
soil or culture solutions in which they are grown, 
so their calcium requirements vary. This affects 
the plant’s tolerance for acidity. Many species 
have greater tolerance for acidity in liquid media 
than when grown in soils. 

Potassium requirements of species 

Species are arranged for their potassium require- 
ments by tokens that integrate into the quantities 
of sugar, starch, and protein they produce. Plants 
high in any one of these products require more 
potassium per unit weight of growth than those 
that are not. The complex conditions under 
which various quantities of these products by the 
different species are produced, and the complemen- 
tary relation between protein and carbohydrate 
synthesis, preclude placement of the species by 
their composition only. As the amounts of 
carbohydrates synthesized are influenced by light 
conditions, it follows that the plant’s potassium 
requirement varies likewise. Potassium is re- 
quired for vegetative growth. It has been pointed 
out that the productions of large amounts of sugar 
and starch are conditioned by the cessation of 
vegetative growth to permit these photosynthetic 
products to accumulate in plants. Certain light 
conditions can cause excessive vegetative growth 
and restrict photosynthesis so that starch and 
sugar do not accumulate in the plants. Such 
climatic conditions may increase the potassium 
requirements of plants by one process, but reduce 
it by another. Such opposing circumstances must 
be considered in placing species in the order of their 
potassium needs. The r61e of potassium in 
turgor and in the movement of water, processes 
influenced by climate, makes the plant’s require- 
ment for this element more subject to meteoro- 
logical variations than any other of the major 
nutrients. 

Potassium stands next to nitrogen in order of 
the amounts of nutrients absorbed from the soil 
except in vegetation adapted to very saline land. 
This element does not become localized in seed 
with the maturity of the plant as do nitrogen or 
phosphorus, consequently, the per cent potassium 
is lower at the seedling stage of growth than in 
later life, differing thus from those elements which 
accumulate in the seed. 
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The requirements of species for potassium in 
processes of which the highest performance of one 
can not occur under conditions essential for that 
of the other are reflected in root characters. Fine 
roots of the wheat type which have highest absorp- 
tion of nitrogen, and the thick ones which convey 
the organic food of photosynthesis to them, are the 
elements out of which root characters are made. 
Thick roots erlend the sphere of action of the thin 
ones. Increase in distance of these from the parts 
of the plants where they are used lowers their 
efficiency as food supplying organs. This afitects 
the plant’s potassium requirement as well as that 
of other elements from the standpoint of supply 
of the soil. Many combinations of these two 
elements of structure, thin and thick roots, are 
manifested by species. Diverse root structures are 
the adaptive features of diverse foliar structures. 

It was pointed out that the ratio of leaf width 
to root diameter, or leaf area to root volume, was 
narrow among the high energy content species and 
that the ratio between these features was wide or 
otherwise distinctive in all of the low energy 
content plants. Within the scope of these rela- 
tions lies the basis for arranging species for their 
potassium requirement. The amount of protein 
necessary for the production of a unit quantity of 
starch or sugar, and vice-versa, which varies among 
species, is a fundamental consideration in integrat- 
ing plants for their potassium needs. The differ- 
ences among species integrate into form, because 
of the relations rates of growth have to photo- 
synthesis and the storage of starch and sugar. 
Other things being equal, the greater the produc- 
tion of protein, starch, and sugar per plant, or per 
unit area of earth’s surface, the more potassium 
is required. As the amount of these products 
species produce would vary according to climatic 
factors, it follows that the potassium requirement 
would not be constant. 

Magnesium requirements of species 

Placing species according to their requirements 
for magnesium requires the background of the 
features associated with nitrogen, calcium, and 
phosphorus. Magnesium is a constituent of 
chlorophyll. It is also stored in the seed. The 
per cent is higher in the seeds high in protein than 
in those low in this product. In some species seed 
is richer in magnesium than in any other part of 
the plant, in others not. This places magnesium 
in another category from nitrogen and phosphorus. 


which becomes localized in seed, and from calcium 
and potassium, which do not. Increase in leaf 
size among species connotes more magnesium for 
chlorophyll. Increase in per cent protein of seeds 
among species indicates correspondingly greater 
calcium and phosphorus requirements and, there- 
fore, more magnesium. Increase of leaf size and 
per cent protein stand inversely related to each 
other so that the magnesium requirement of plants 
can be considered a balance between opposing 
circumstances. The lack of an element in culture 
solution whose function is for processes located 
wholly in the leaves, as is magnesium, has its 
counterpart in relatively more root growth than 
top growth. This gives the plants larger root-top 
ratio than where magnesium is available. This 
affects the composition of plants, which become 
richer in nitrogen and other elements than would 
be the case if magnesium were available. This 
explains some of the apparently inconsistent 
phenomena concerning the r 61 e of magnesium and 
the coloration of leaves. In some species lack of 
the element in the culture media is reflected in 
etiolation of the leaves, but in others deepens the 
green color. Species reflect gradations between 
opposing circumstances. Their diverse features 
may be considered as links of different sizes in the 
continuity chain of plant conformation. If a linlr 
is long, it also is narrow. Compensatory measure- 
ments are considered in using a plant feature as an 
indicator of the species requirement of an element. 
Provided the per cent chlorophyll does not change 
increase in leaf size among species means more 
magnesium. However, it also means more photo- 
synthesis, and its converse, less protein. Thus, 
opposing factors determine the features by which 
the plants’ requirement for magnesium is evalu- 
ated. The features are interpreted when resolved 
into their elemental components. Whether 
increase in leaf size and decrease in protein, or 
vice-versa, increase in protein and decrease in 
leaf size, was the more important consideration in 
determining a plant’s requirement for magnesium 
is indicated by the shape and place of the link in 
the chain of continuity of species in plant 
conformation. 

Phosphorus requirements of species 

The placement of species in order of the quanti- 
ties of phosphorus needed per unit weight of 
production requires the background of the features 
which indicate the plant’s requirement for nitrogen 
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and calcium, also those whidi express the function 
of the element in the formation of nuclear proteids. 
Seed is higher in phosphorus than in other tissue, 
and thus the highest per cent in a growing plant 
would be found in the seedling stage. As the plant 
enlarges, the per cent decreases, but as growth is 
dependent on the absorption of more phosphorus 
the rate of decrease is not the mere complement of 
increase in size. Rates of absorption of phos- 
phorus, and any other element, and vegetative 
enlargement are distinctive in their relationship one 
to another. The absorption of an element is 
dq)endent on that of other essential nutrients in 
the making of the normal plant which is distinctive 
in all of its phases of growth. The highest per 
cent of phosphorus in the seedling state of confor- 
mation, and the lowest at maturity state are the 
end points of a chain of gradations, each of which 
is distinctive in the general pattern of progressive 
change of plant conformation. The ratios of (a) 
girth to height of plant, (b) number of leaf buds 
to height of stem, (c) number of starting points 
for new roots to size of plant, are greatest in the 
seedling state of development. The ratios decrease 
as the per cent of phosphorus decreases with the 
age of plants. This gives the protot 3 pe for differ- 
ences in the phosphorus requirements of species. 

Plants having high protein and calcium require- 
ments absorb more phosphorus than those low in 
this character. This relationship associates differ- 
ences among plants in their absorptive capacities 
for phosphorus with those distinctive root charac- 
ters that segregate species into groups for their 
nitrogen and calcium requirements. However, 
root characters alone are not sufficient to place 
all species. The range of variation in per cent 
phosphorus in the seed of a species is less than that 
of nitrogen, but may be greater in the non seed 
tissue. The absorption of phosphorus is not as 
closely adjusted to the physiological requirements 
of various processes of growth as nitrogen, and 
plants may absorb more than they need. The 
relation of excess absorption of an element to 
conformation is considered in the placement of 
species, but this subject is too long to be discussed 
in a short paper. 

When the amount of phosphorus required for 
the maximum yield of wheat per acre is absorbed 
by an equal area of com, the per cent in the plant 
is lowear, because of the greater size. Com absorbs 
nH)re.pho^om8 than wheat so that the smaller 
|>er cent in the plant is associated with a larger 
quantity removed frmn the aore. The same 


quantity in smaller plants would be reflected by a 
larger per cent of the weight of the vegetation, and 
by the features or conformation of the smaller 
plants. Similar principles hold for the relation- 
ship of composition to size in varieties but in order 
to place them for their capacities to absorb phos- 
phoms, all elements of conformation must be 
used. The features of species and varieties are 
unified by integrating them to equality. Without 
integration, species are many ontogenies, but by 
integration they are merely different amounts of 
mineral nutrients absorbed by roots, and different 
amounts of photosynthesis by leaves for equal 
units of time. In order to place species according 
to the amounts of phosphorus they require per unit 
weight of growth, the features which indicate their 
requirements for nitrogen and calcium are inte- 
grated to show how these elements are related to 
the number of growing points species have. The 
more branches, leaves, and seeds per unit length 
of stem and the more root branches per unit length 
of main root, the more phosphorus species require. 

Requirements for other elements 

Species can be placed in order of their require- 
ments for sulfur and iron by distinctive features. 

The functions of the minor elements boron, 
manganese, zinc, and copper are not sufficiently 
clear to place species for their requirements of each 
of these elements. It is known that they vary 
and that climate affects the amount certain plants 
require of the various minor elements. 

Mechanism of absorption and selection of elements 
by plants 

The relation between thickness of roots and the 
quantities and qualities of elements absorbed 
suggests that the mechanism of selective absorption 
might be in the size of cells. Normally, the rapidly 
growing thick roots would have a coarser cellular 
structure than the slower growing fine roots. 
Nutrients are absorbed primarily in solution, but 
entry into plants of minute quantities of ions by 
emanation is not precluded. Osmosis conveys 
nutrients with water as it passes from the dilute 
soil solution to a more concentrated root sap. 
Osmosis varies with the concentration of cell sap 
and not with the thickness of root, hence, would not 
explain the selective absorption noted in the species 
of different root sizes. Nutrients can also enter 
with capillary movement of liquids along solid 
surfaces and the walls of porous bodies, such as 
plant cells. Movement of liquid by capillaiy 
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attraction in cellular structure orients the surface 
attraction forces according to the arrangement of 
the walk. The attraction of opposite walk of the 
celk for their fluid contents creates a boundary 
sone between liquid Aims where the resistance to 
the entry of materiak is lowered by the pull of 
opposing forces. This affects the permeability 
of the wall and may allow ions that are not too 
Urge to pass through. Size and shape of celk 
determine the orientation of capillary attraction 
forces and the character of the boundary zone 
between opposing pulk. Histological data on 
roots of species are too incomplete to arrange 
plants by their cell patterns for correlation of the 
molecukr dimensions of the nutrient elements with 
the character and orientation of surface tension 
forces in cell structure. The property of roots to 
absorb some elements and not others may con- 
ceivably show correspondence with cell size. 
Elements that enter would be of a size to conform 
to this boundary zone. The very large celk of 
species having thicks rapidly growing roots would 
have their walk too far apart from the opposing 
pulk to affect the permeability of the walk in the 
boundary zone. Very small celk would not have 
a boundary zone of adequate size to permit 
nutrients to p)ass through them. The fact that 
the greatest absorption of mineral nutrients by 
plants is not obtained by the thick roots or by very 
fine roots having a great absorbing surface k of 
consequence. Selective absorption of nutrients by 
plants appears to be a function of cell size. 

Balance between opposing circumstances 

The integration of vegetation for form brings 
out the relation and balance which opposing 
circumstances have on growth and accounts for 
the characters of species in their latitudinal and 
elevational distribution. Increase in temperature 
with the lengthening days of late winter and early 
spring and the decrease with the shortening days 
of late fall have two opposing factors affecting the 
root-top ratio of growth in plants. Thk 
meterological effect is reflected geographically in 
the change in the root-top ratio of vegetation with 
latitude. The approach to the tropics tends to 
cause a low root-top ratio by virtue of increase in 
temperature, but a high ratio by that of light. 
The approach to the pole tends to cause a high 
root-top ratio by virtue of lower temperature, and 
a bw ratio by that of light. Due to the inclination 
of the earth’s axis, light becomes favorable to 


growth in spring before temperature does, and 
remains so, longer in autumn. The nearer the 
pole the more pronounced are these circumstances 
with the change of seasons. They reach their 
climax in the longest days of sunshine of the short 
season of favorable temperature in the highest 
latitude vegetation grows. The integration of 
vegetation for form is oriented on the minimum 
time required for species to reproduce themselves 
by seed, or if perenniak, by the storage of organic 
food needed for renewed growth the next season. 
Form integrates into the size the species attains 
within the time conditions are favorable to growth. 
Form, size, and length of growth are interrelated 
and interdependent one upon the other. For 
example, wheat and barley can reproduce them- 
selves by viable seed in about six weeks after the 
seed is planted, or can require about ten months, 
depending on temperature and light conditions, 
and also at all gradations between these extremes. 
Obviously, wheat or barley plants that complete 
their entire growth cycle in six weeks are smaller 
and of different conformation than those which 
required longer time. Length of growth integrates 
into size and form, and each of these characters 
into the other. Light and •temperature affect 
size, form, and length of growth period of species 
differently, as some have small, others large 
amplitude in which to adjust their growth cycles 
to the prevailing circumstances. Size and form 
integrate infb rates of growth which integrate into 
the cosmic forces, temperature and light. Form, 
adaptation, mineral absorption, photosynthesk, 
and production of agricultural crops per unit area 
of surface exposed to sunlight are interrekted 
phenomena. The integration of vegetation for 
one of these subjects aids in that of another. 
None can be completely integrated without the 
other. 

Hydroponics provided another ecology which made 
differentiation of edaphic and meteorological 
factors affecting plant growth possible 

Hydroponics has provided the key to the source 
of, and the avenue for, the information needed to 
proceed with, and to complete the integration and 
the ordination of vegetation into unity concepts 
of each of the above subjects. This k a oompre* 
hensive undertaking. That soilless crop-produc- 
tion became the means to integrate soil vegetation 
k due to the fact that hydroponics provided a 
different ecologic bask and background than that 
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on which all vegetation is oriented. It was im- 
possible with soil grown vegetation to differentiate 
edaphic and meteorological factors on growth. 
Only by the elimination of the soil in crop-pro- 
duction could the edaphic and meteorological 
factors be evaluated independent of each other. 
Plants have been grown extensively in small 
containers of nutrient solution for experimental 
studies in scientific laboratories since 1860. The 
primary object of these experiments, and the goal 
of soil science, generally, was to give chemical 
interpretation of the ways and means soils make 
plant foods available, and explain how vegetation 
uses them. The methods of study projected the 
nutritional features of plant growth into the fore- 
ground and relegated the climatic factors, which 
held the key to the origin and adaptation of species 
to their environments, into the background. Cli- 
mate affects vegetation through the physical 
prop>erties of the materials with which it is in 
contact. Those used in hydroponics may have 
markedly different climatic and ecologic effects 
than soil. Essentially hydroponics created a new 
order of climatic and ecologic environment in the 
culture of vegetation, which, like that of soil, is 
the basis on which 4he mineral nutrition of plants 
for water culture is oriented. A few degrees of 
temperature segregates the vegetation of different 
climatic zones. Because materials of low specific 
heat, such .as vegetable litter used in hydroponic 
seed beds, would change in temperature quickly, 
certain orders of solar radiation can have categoric 
effects on vegetation grown by hydroponics that 
would not be the case with soU. 

It is the ecology of root growth in liquid media 
that makes hydroponics a new science. Roots 
segregate plants into categories. Changes in the 
root types of species reflect themselves by other 
features. Liquid media markedly affect the root 
types of species by the elimination or restriction 
of features which make th^ different, such as 
thick storage roots, thus tending to make plants 
alike in their absorptive organs. This change of 
root types reflects itself in the much greater simi- 
larity of mineral composition of different species 
grown together in the same nutrient solution, 
than when grown together in the Mme soil. The 
fact that many sp^ies will grow equally well in 
the same nutrient solution but not in the same 
son further evidence that the change in root 
types win have corresponding effects in other 
features of the plants. The mineral and climatic 
requirements of the plants vary with their root 


types which are the eiq>ression8 of the adaptation 
of species to diverse soil and climate. The com- 
plete elimination of these diversities would project 
the plants to the influence of their original environ- 
ment, that is, marine habitation. Root producing 
vegetation is autochthonous. As roots hold the 
key to the evolutionary adaptation of marine 
species to soil, so likewise, they hold it for cultural 
adaptation of autochthonous vegetation to hy- 
droponics. The evolutionary history of vegeta- 
tion from a pre-root state of marine habitation to 
the large roots of large trees growing at high 
elevation with its great extremes in climate aids 
in ordering vegetation for adaptation to hydro- 
ponics. When land species are grown in liquid 
media the root systems become markedly unified, 
as the thickest and the thinnest, the longest and 
the most branched organs, characteristic of their 
soil habitation, do not form in water. The sig- 
nificance and implication of an altered root system 
on the physiology of water grown vegetation is 
far reaching. The magnitude of change species 
undergo from soil to hydroponic habitation, and 
the amplitude of change they can undergo without 
harmful effects give the physiological background 
on which plants are ordered for water culture. 
Species can be integrated for hydroponic culture 
by root-top features for form, adaptation, mineral 
absorption, photosynthesis, production per unit 
area of earth’s surface, similar as for their soil 
habitation. They segregate into categories for 
which appropriate cultural technique and condi- 
tions must be provided in order to grow them 
successfully without soil. A series of books, one 
of which is published, {Complete Guide to Soilless 
Gardening, 1940: Prentice-Hall, New York; Put- 
nam, London, See also articles on Hydroponics, 
Encyclopaedia Britannica Year Books, 1939 and 
1942), others being in the making, are required to 
formulate this subject into a useful compendium 
for those who wish to grow crops by this method. 
Mastery of the art and science of growing crops 
without soil consists in a great measure in under- 
standing plants from the standpoint of ecology, 
which is different from that of agriculture. 

The root-top weight ratio of plants grown by 
hydroponics is less than that of soil. This is 
significant in practical production, as the margin 
of safety and assurance against the event of un- 
toward conditions arising is much less than with 
crops grown in soil On the other hand, it has 
its advantages as plants having a low root-top 
ratio can be placed closer, giving a larger produc- 
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tion per unit area than in soil, provided the cultural 
technique is arranged wisely within the smaller 
amplitude of highly favorable circumstances to 
plant growth which water culture permits. A 
cubic foot of nutrient solution contains from three 
to six times more available water than a similar 
volume of various soils, therefore, certain crops 
such as potatoes and com can be planted closer 
than in agriculture with corresponding increases 
in yield. There are crops that can not be planted 
closer in hydroponics than in soil because of the 
limitations of light, and there are species whose 
root structures make them unsuitable for water 
culture. In hydroponics, stand is determined 
primarily by light considerations; in agriculture it 
is by the amount of nutrients available in the soil. 
The area of earth’s surface having favorable light 
and temperature for crop production is much 
greater than the area of arable land. Hydroponics 
can outyield agriculture both in the production 
per unit area for certain crops and in the extent of 
area where it can be employed. A discussion of 
the economics of this method of production is 
outside of the pale of this paper, but from the 
elements that determine cost it is evident that 
hydroponics will be an economic competitor to 
agriculture in some important lines of production. 

Hydroponics has introduced some new problems 
of physiology and ecology arising out of the root 
action of plants, which affect the immediate sur- 
rounding climate more than in the case of soil 
grown vegetation. The plants lose more water 
by guttation — liquid issuing from the tips of leaves 
— ^which can have either harmful or beneficial 
effects, depending on circumstances. Great loss 
of water by guttation in greenhouses during winter 
can add to the burden of disease control, but air 
conditioning can overcome much of this difficulty. 
This property of plants, on the other hand, pro- 
vides a natural means of air conditioning homes 
by providing more moisture in the atmosphere, 
especially desirable in winter when the air has 
become too dry from heating. Species vary in 
their transpiring and guttating power according 
to the characters of their leaves and roots. Vege- 
tation can be integrated for its climate influencing 
propaties by features that show the nature of 
the dependence of these organs one on another for 
intake and loss of water. Other properties of 
plants made manifest by hydroponics open new 
avenues to human interest. These, with those 
just mentioned, appear to herald an age when 
much smaller space and less mechanical and in- 


dustrial organization will be required for man to 
enjoy his dependence on his own vine and fig tree. 

Evolution of plants clarified by hydroponics 

As hydroponics has provided a key for the 
integration of existing vegetation so likewise it 
has provided a key that will unravel some of the 
evolutionary history of past floras. The changes 
which the roots of species undergo in water culture 
from that of their soil tyi>es are reversion to primi- 
tive states in which they existed in their evolution 
from an original marine habitation through 
different stages of soil ecology consisting of 
marshes, lowlands, and highlands to the present 
status of land habitation with its great diversities 
of climate. Species adapted to uplands with 
great diversities of climate undergo much greater 
change in hydroponic culture than those adapted 
to lowlands with equable climate. Using integra- 
tion as the means to arrange species for their 
evolutionary history, it can be shown that the 
vegetation of any geologic period, whose fossil 
remains or products are in existence, did not 
produce as much protein, or starch, or sugar, or 
cellulose, or lignin, or any plant product containing 
fixed carbon, or absorb as much of the soil min- 
erals per unit weight of plant, per unit area of 
earth’s surface, per unit of time than does the 
vegetation of today. The forms and features of 
past floras, the characters of the soils on which 
they grew, the kind of climate to which they were 
exposed, and some of the characters and features 
of the animals whose food these plants were, all 
unfold themselves by integration into a panorama 
of evolution where individual features can be 
deduced and evaluated by the relationship they as 
parts hold to others of an ordered cosmogony 
and a defined cosmography. 

Comparison of the rate of carbon fixation by 
plants today with that of geologic times can be 
obtained by estimating the amount of coal which 
would be formed by the most rapidly growing 
species if such carbonization processes were possible 
now. More than one million board feet of lumber 
has been obtained per acre from some of the best 
stands of California coast redwood (sequoia 
sempervirens) averaging 500 years in age. This 
amount covers an acre with solid lumber 23 feet 
deep. Lumbermen state th^ about one half of 
the volume of these trees is used as lumber. 
Thus, the actual amount of woody tissue produced 
in 500 years would cover an acre twice the above 
figure. The density of bituminous coal ranges 
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from L2 to 1.5, and the best grades are from 80 
to 90 per cent carbon. The density of redwood 
ranges from 0.7 to about 1.00 and pure cellulose 
is 40 per cent carbon. Four cubic feet of fairly 
dense redwood contains as much or more carbon 
than the average solid cubic foot of good bitumi- 
nous coal. Forty generations of redwood, one 
succeeding another every 500 years, at the above 
rate of growth, continued for 20,000 years, would 
fix enough carbon in woody tissue to create a coal 
seam 500 feet thick which is more than the sum- 
mation of the known coal seams laid down in 
geologic history, estimated at many millions of 
years. It is to be noted that these figures do not 
include the roots which in redwood range from 30 
to 40 per cent of the weight of the tree when in 
active growth of vigorous youth. 

Integration clarifies the properties of vegetation 
which became coal and explains why most dead 
vestal tissue does not undergo carbonization 
today. Microorganisms cause disintegration of 
plant tissues which contain protein, starch, sugar 
and other materials as food to sustain their activi- 
ties. These food materials for micro organisms 
were either lacking or present in insufficient quanti- 
ties in ancient floras, hence they did not decay 
when dead, thus permitting accumulations of great 
thickness of vegetal material to be eventually 
submerged by water or soil or both for ultimate 
carbonization and solidification. Geologic plants 
did not have the kind of roots which were capable 
of high absorption of essential mineral nutrients, 
hence, they could not produce a foliage capable of 
the high rates of photos 3 aithesis of today, and 
vice-versa, the photosynthesis then was not capable 
of sustainir^g a large root system. Ancient soils 
were not of a character conducive to produce a root 
system of high absorptive capacity of those ele- 
ments necessary for high production. Also the 
genetic constitution of that vegetation was not 
developed to encompass ph 3 rsiological functions 
at high rates. Geologic history can be unravelled 
by the rate of change in the physical features of 


plants in past ages which can be mathematically 
deduced, and employed in integration. This 
integration emplo 3 ns differentials derived from the 
projection of progressions of features and condi- 
tions which are known or can be experimentally 
established, and carries them to the ultimate goal. 

Erroneous views concerning determining factors in 
soilless crop-production 

Hydroponics has suffered harm and violence 
from misinformation, misconceptions, and various 
half-truths. Terms like chemical gardenings chemi- 
cal farmings chemicuUures nutrient cultures magic 
gardenings etc. which directed attention to, and 
gave emphasis on the nutritional features of water 
culture, thereby relegating the^far reaching, and 
determining factors of ecology which the new 
system and its equipment created, into the back- 
ground, were most unfortunate. Books, bulletins, 
and reports have been published purporting to 
give directions on soiUess plant culture without 
such important words as climates or ecology s or any 
of the concepts they imply, appearing on their 
printed pages. It is probable that no individual 
has tested more chemical combinations in nutrient 
solutions for plant culture in laboratory studies 
along classical lines, and used greater numbers of 
cultures and species than the author, but the 
information that was most helpful to him in 
originating and establishing soilless crop-produc- 
tion came frotn observation and studies of plants 
in Nature’s outdoor workshop. A naturalist’s 
point of view was necessary to complement and 
fulfill the essence of a development that remained 
hidden in three quarters of a century’s experi- 
mentation with water culture in academic studies. 
Practical working knowledge is made possible for 
all and the science of hydroponics is formulated by 
the integration of species, both for soil and for 
water culture. Integration answers questions of 
plant physiology and ecology which could not be 
resolved by other methods. 
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EVOLUTION 

The Upper Ordovician Fauna of Frobisher Bay’ 
Baffin Land. Geology, Memoirs Field Museum of 
Natural History, Volume 2, 

By Sharat Kumar Roy, Field Museum Press, 
Chicago. $3.50. 12} z 91; 212; 1941 (paper). 

The records and material forming the basis of this 
report were collected during the season 1927 and 1928 
by the geologist of the Rawson-MacMillan Expedition 
of the Field Museum to Labrador and Baffin Land. 
Baffin Land is a large, long, irregularly-shaped area 
lying above Labrador between northeast Canada and 
Greenland, closer to the Canadian shores, however, 
than to Greenland. Frobisher Bay, a deep indentation 
at the southeastern extremity of Baffin Land, and once 
thought to be the passage from the Atlantic to the 
Pacific, was the final destination of the Field Museum 
Expedition. The expedition was organized to spend 
two summers and a winter cruising in the coastal waters 
of Labrador and Frobisher Bay, making observations 
and collections relating to anthropology, botany, geol- 
ogy and zoology. For the geologist, Silliman’s Fossil 
Mount, at the upper reaches of Frobisher Bay and the 
only sedimentary formation throughout this entire 
region, was the chief field of exploration. 

In an introductory chapter the author gives an inter- 
esting outline of the journey. Three excellent maps 
furnish the reader with a clear picture of the numerous 
points touched. Fossils totalling to 92 species have 
been collected from the Mount, an isolated hill of 
limestone lying upon pre-Cambrian rocks, on three 
previous occasions. The much larger Field collection 
consists of 68 genera with 116 species, but Roy does not 
consider that he obtained all the forms present. The 
approach of winter hastened the expedition on its way. 
Among the forms listed are Receptaculites, corals, 
cystoid and crinoid, biyosoans, brachiopods, pelecypods 
gastropods, cephalop^, trilobites, and ostrarods. 
These eat all described in detail and illustrated. In a 
‘^Synopsis of Fauna’! Roy gives the geologic ranges of 
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North American and Greenland species allied to those 
from Silliman*s Fossil Mount. There is also a discus- 
sion of previous collections from the Mount and an 
interpretation of the age of the fossil area. Regarding 
the age the author says: 

The question at issue is whether the fossils from Silli- 
man’s Fossil Mount represent the Mohawkian (Black 
River and Trenton) or the Richmond or both. 


The above statements afford the basis to conclude 
clearly that the Silliman’s Fossil Mount fauna and its 
equivalents are a recurring Mohawkian fauna of early 
Richmond age. The facts that the elements witn 
Mohawkian affinities in these faunas are rarely con- 
specific with typical Mohawkian species and that these 
faunas contain a considerable number of unquestioned 
Richmondian forms are alone sufficient evidence to 
arrive at such a conclusion. 

On the northeast coast of Labrador, 22 drift fossils, 
representing four genera and six species of Hormotoma, 
indicate a much wider distribution of the northern 
Canadian faunas than was formerly thought. 

The volume is beautifully printed and illustrated 
with many excellent photographs and figures and con- 
cludes with a bibliography of seven pages and a detailed 
index. 



Transactions op the American Philosophical 
Society. New Series, Volume XXXI, Part V, Pa- 
pers as follows: The Anatomy of the Pdecypod Family 
Arcidae, by Harold Heath. The Brain and Its RNe in 
the Phylogenetic Transformation qf the Human SkuU, 
by Franz Weidenreich. Phylogenetic and CyUdogieal 
Studies in the Ranunculaceae, by Walton C. Gregory. 

The American Philosophical Society, Philaddplna. 

$3.00. 11} z 9; 287-520 + 34 plates; 1941 (paper). 
The family Arcidae (Ark-Shells) is estimareri to indude 
not less than 1200 species, the majority of which are 
fossil forms and have been dassi^, as have many 
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recent species, on the basis of shell characteristics. 
Thirty-two species and subspecies are described by 
Heath. The author does not modify the existing 
scheme of classification but in the R6sum6 he discusses 
the changes that seem to be in order since “a scheme of 
classification based upon shell characters alone may 
lead to erroneous conclusions. . . It is **equally 
evident that comparisons based upon a single organ or 
system may also prove to be untrustworthy.” Twenty- 
two plates (6-15 figures each) illustrate many of the 
diagnostic features. 

In the second paper Weidenreich finds that 

Cranial sutures in recent man show a tendency to fuse 
relatively late in life when compared with anUiropoids 
in which they close and even become partly obliterated 
shortly after the second dentition is completed. The 
suture of all the three adult PUhecanthropus skulls 
now available . . . exhibits such a state of closure as 
is scarcely attained in recent man, or if at all, at a 
rather advanced age. 

An interesting comparison is made with the forms 
and proportions of the skull of the dwarf and large dog 
and other mammals, and the effect of the enlargement 
of the brain case and the reduction of the face on the 
palate and dental arch. We can only quote briefly 
some of Weidenreich’s conclusions: 

The phylogenetic evolution of the human skull is 
characterized by a continuous enlargement of the 
brain. The morphological effect of this enlargement 
corresponds completely in principles and details to 
that which is seen in &e dwarf dog, as a consequence 
of its relatively larger brain. 

The phylogenetic evolution of man, at least in its 
late ph^s is characterized by the absolute increase 
in brain size. The brain size, therefore, represents a 
character of the first order but all the peculiarities of 
cranium and face which result from the enlargement 
of the brain and are generally considered the most es- 
sential indicators of evolutionary pro^ss are charac- 
ters only of the second order. . . . Since the enlarge- 
xaent of the brain appears as the inducing cause of 
other morphological alterations, the question is justified 
as to which general factor may now be made responsible 
for this enlargement. . . . [It] is certainly hi some way 
connected with the adoption of the erect posture and 
the corresponding transformation of the entire skeleton. 

All the facts imply that phylogenetic evolution of 
man proceeds under the form of an orthogenetic de- 
velopment. 

Forty-one tables of measurements and 56 figures are 
included in the text. 

The last paper is concerned with the reclassification 
of the Ranunculaceae from the cytological standpoint. 
Type and number of chromosomes have been examined 
in 19 genera and 108 species. These results are given, 
and camera-ludda drawings of the chromosomes of all 
the species studied are arranged in 12 plates with 132 
figures. The efiBect of polyploidy in the evolution 
versus the spedation of the family is discussed. 


A phyledc rearrangement (A the genera and tribes ol 
the family has been made on the Msis of chromosome- 

r , size, and basic chromosome numbers of the fam- 
On the same data a polyphyletic origin of the 
^rious tribes of the family from some ancestral group 
has been suggested and has been illustrated by ^ylo- 
genetic charts comparing the classical and the author’s 
classifications. 

All three papers are provided with reference lists. 



Mam and the Vertebrates. Third Edition^ Revised. 

By Alfred Sherwood Romer, The University of 

Chicago PresSf Chicago, $3.50. 8 x 6i; viii + 405; 

1941. 

This book, since its publication in 1933, has found wide 
use as a text and reference book for college students in 
biology. It presents in a most interesting manner, 
an easily readable account of the origin and evdution 
of the vertebrates and a rather detailed survey of the 
structure and relationships of the primates and man. 
Although written with a minimum of technical language 
and detail, the work is comprehensive and authorita- 
tive and its usefulness is greatly enhanced by the 
excellent figures with which it is profusely illustrated. 

This, the third edition, has undergone some revision 
and much new material has been added. One notable 
addition is the interpolation of a chapter on the anat- 
omy of the frog designed to accompany laboratory 
dissection of this animal. The chapters dealing with 
fossil man and human races have been considerably 
altered and expanded and the sections on higher fishes 
have been completely rewritten. The material has 
been brought up to date by the introduction of discus- 
sions of new developments in the field, as for example, 
the recent discovery of a living coelacanth off the South 
African coast. An appendix giving a synoptic classifi- 
cation of the vertebrates and several phylogenetic 
trees has been added. 

The format of the book has been greatly improved 
in this edition by having it reset in a more modem 
style and typography. The number of figures has been 
greatly increased and the excellence of the photo- 
graphic illustrations has been brought out by printing 
them as plates rather than as text-figures. These 
plates are distributed in groups throughout the book. 
Unfortunately, the illustrations are not numbered, so 
that exact reference to them in the text is not possible. 
Since a single group of plates may deal with several 
different subjects which are discussed in separate 
portions of the text, the lack of figure numbers does 
seem to hamper the author in making full use of the 
illustrative material in the course of his discussions. 
It must be said, however, that this disadvantage is 
not serious and it is in fact partially offset by very full 
explanations in cohnection aith each figure. The 
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fonner editions of Romer were excellent^ the present 
one is even better. 



The Mamicauan Fattna of the White River Ougo- 
CENE. Part V. Perissodactyla, by WiUiam Berrymen 
Scott, Transactions of the American Philosophical 
Society Held at Philadelphia for Promoting Useful 
Knowledge. New Series ^ Volume XXV II L Part V. 

By WiUiam B . Scott and Glenn L, Jepsen. A merican 

Philosophical Society , Philadelphia. $3.00. Ilf x 

9; 747-980 + 22 plates; 1941 (paper). 

Part V of this fine series of Mammalian Fauna of the 
White River Oligocene completes Volume XXVm of 
The Transactions. Two suborders make up the order 
' of Perissodactyla represented in the White River — the 
Chelopoda, normal perissodactyls with hoofs, and the 
Ancylopoda, in which the hoofs have been converted 
into claws. In modem times only three families of 
perissodactyls exist — ^horses, tapirs, and rhinoceroses. 
The old Tertiary of North America and Eastern Asia 
were the principal regions of perissodactyl develop- 
ment. Eight families are represented in the White 
River beds. Of these the brontotheres and helaletids 
came to an end within the White River age. The 
clawed perissodactyls are not found in North America 
after the upper Miocene. 

The rhinoceroses reached their culminating point in 
development in North America in the White River, 
where they are represented by three families, and show 
more diversification than at any subsequent stage. 
They disappeared in the lower Pliocene. The tapirs 
are represented by a single family and genus in the 
White River and do not occur in abundance. How- 
ever, Scott points out that their scarcity may be more 
apparent than real, due to conditions of fossilization, for 
th^ were probably then, as now, solitary forest dwel- 
lers. They persisted to the close of the Pleistocene. 
Horses during the Oligocene “were in a state of extra- 
ordinary development and diversification and that at a 
time when the family is not known to have been repre- 
sented in any other continent. White River horses 
are surprisingly diverse, whether the many different 
forms are ranked as genera, species, or geographical 
races.*’ In their evolutionary history horses are almost 
at the half-way stage in the White River beds. 

Altogether Scott lists and describes about 75 forms 
of perissodactyls. Measurement lists, tabular matter, 
157 text figures, and 22 plates are included. Part V 
also carries the table of contents and the index to the 
complete volume. 



Paleozoic Gastropod Genotypes. Geological Society 
America Special Papers Number SB. 


By J. Brookes Knight. Geological Society of America^ 

New York. $4.50. 9} x 6|; vi -f 406 -f 96 plates; 

1941 (paper). 

It is a good thing that some devotees of science are 
satisfied to give their time and energy to producing 
works of this sort. The digging up of ancient docu- 
ments that have no merit whatever except age is tire- 
some in the extreme, but it is necessary in order to 
clear up the mass of nomenclatorial tangles that still 
seem to be accumulating faster than they can be assimi- 
lated. The only satisfaction that an author can 
in a product of this nature is that he is smoothing the 
path for others who will come after him. That this 
kind of work is necessary is the result of carelessness 
on the part of other workers. 

The present volume lists in alphabetic order over 500 
generic terms, together with full s 3 monymy and t 5 rpe 
designations. Where there has been more than one 
designation in the same genus, the reason for the selec- 
tion is given as well as the present location of the 
original type specimen, if it is known. Similar works 
are urgently needed for the Mesozoic and Cenozoic and 
recent genera. 

The 96 full-page photographic plates, the 7-page 
index, and the 28 pages of introductory material add 
greatly to the value of the volume. 

In passing, it may be noted that the word “genotype” 
is of faulty etymology. Berry has pointed out that it 
should have been “generitype.” The fact that this 
term is in use in genetics as the antithesis of “pheno- 
type” makes the change of spelling of the taxonomic 
term desirable, but taxonomists are likely to adhere to 
the present spelling on the basis of their fifty-years 
priority over the geneticists. 



GENETICS 

Medical Genetics. A Series of Lectures Presented 
to the Medical Schools of Duke University ^ Wake Forest 
College, and the University of North Carolina. 

By Laurence H. Snyder. Duke University Press^ 

Durham, N. C. $1.50. 7J x 5i; viii -f 130; 1941. 
A result of a scries of lectures delivered at the medical 
schools of Duke University and the University of 
North Carolina, Snyder’s book is a condensed and 
remarkably clear survey of the present-day knowledge 
of hereditary pathological conditions in man. The 
author is convinced that, in spite of its incipient condi- 
tion, medical genetics already is of practical value to the 
physician. The didactic qualities of his short account 
will undoubtedly help to convince the reader of the 
correctness of his view. The book will be appreciated, 
however, not only by readers whose main interest lies 
in the practical, more specifically medical aspect of 
genetics but by all students and teachers of genetics. 
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The latter will find it a useful addition to the existing 
•ources of orienting information. 

After presenting in the introductory chapter the 
various possible applications of medical geneticsi ez- 
'plaining the generality of genetic principles and doing 
away with some traditional misconceptions concerning 
human heredity, the author proceeds to present two 
extreme categories of hereditary characters in man: 
(a) blood groups and blood t 3 rpe 8 (Chapter 2: Medico- 
legal applications) as clear-cut cases of mendelian 
inheritance, and (b) mental disorders (Chapter 3) as 
intricate results of interaction between genetic and 
environmental factors. In the following six chapters 
pathological conditions controlled by heredity are 
discussed, system by system: Eye and ear abnormalities, 
Abnormalities of the skin. Skeletal and muscular 
abnormalities. Diatheses and susceptibilities. Diseases 
of the blood, and Cancer. In each of these chapters 
the descriptions of symptoms of different pathological 
conditions are accompanied by suggestions of the pos- 
sible practical applications (diagnosis, preventive 
measures, advice on prospective marriages and preg- 
nancies, etc.). The concluding chapter. The future 
development of medical genetics, deals mainly with 
the importance of further studies of linkage in man. 

The book is well illustrated. The bibliography is 
too short for a book which undoubtedly will incite 
many readers to widen their knowledge by looking into 
the original papers mentioned in the text. 



GENERAL BIOLOGY 

The Foundations op Conservation Education* 
EducaHon in Conservation: Pamphlet No. 3. 

By the Committee on Conservation Education, Na- 
tional Wildlife Federation. Washington, D. C. 60 
cents (paper); $1.00 (cloth). 7| x 4}; vi 4- 242; 

mi. 

This book is extremely timely. While most of those 
nations which we formerly called civilized are striving 
to outdo each other in the rush to immolate themselves 
irrevocably in the insane holocaust, there yet remains 
a sober-minded ‘^remnant in Israel” who dare to discuss 
conservation — the preservation of those values whose 
destruction is one of the aims of modem warfare. 

The book consists of a foreword and six essa 3 rs — 
perhaps it would be more appropriate to call them 
sermons, for they all have a pedagogical and a scriptural 
flavor. One frequently meets the inevitable text 
about making the desert blossom as the rose, but the 
reader is reminded that even a blossoming desert is not 
necessarily an unmixed blessing, if the blossoms are 
evoked by artificial irrigation. To obtain water for 
irt%atkm dams must be built, which may involve the 
fleisding of valuable forest land, or the c^literation of 
eimi^iihig^oiuiid of food fish. It is not enough to urge 


conservation; the indispensibility of intelligent over- 
sight must be stressed, for conservation, like liberty 
and charity, has had multitudinous sins committed in 
its name. 

A more significant text which one contributor leans 
upon heavily, is the description of the promised land 
into which Moses was permitted to look from the sum- 
mit of Mt. Nebo, which was flowing with milk, honey, 
and olive oil, which had fountains in its valleys, and 
whose every occupant had his own vine and fig tree. 
But when Jeremiah saw the same land a few centuries 
later, its springs were dried up, its cedars fallen, its 
herds scattered, and its cities devastated — the result 
of uncontrolled erosion and heedless exploitation of its 
resources. 

It must be conceded of course, that between the day 
of Moses and that of Jeremiah the^Hebrews had in- 
dulged in a long series of exhaustive wars, during which 
they and their enemies took turns pushing each other 
backward and forward from Dan to Beersheba. But the 
isolation of Judaea cannot be charged to war alone. 
The fact is that war and devastation of natural re- 
sources go hand in hand. As one contributor to this 
symposium expresses it: “Never do men exploit natural 
resources so recklessly as when they are fighting or 
preparing to fight if necessary. Of all human activities 
warfare is the most wasteful of materials snatched from 
the earth as well as most wasteful of lives. The short- 
run wastage rises to its maximum and the long-run 
depletion goes unheeded.” It is not owing to any 
hyper-fertility of its soil that Lancaster county owes 
its position as the richest agricultural community in 
the union, but the fact that its population is descended 
from industrious ancestors who settled in Pennsylvania 
to escape compulsory military service in the old country. 

Of course the compilation of this book was not under- 
taken in order to disseminate peace propaganda. The 
authors are simply not blind to the facts, as another 
quotation indicates: 

Whether we set out to destroy predatory animals and 
end by injuring other living resources which contribute 
an imjxirtant part of our food supply, or whether pres- 
ently we set out by force to destroy the enemies of 
democracy and end by ensnaring ourselves in dictator- 
ship at home, the effect is the same. We have in 
eitner case failed by neglecting to think thr^h to the 
ultimate result and instead we have submitted to an 
emotional appeal such as so often dulls the logic cl anv 
situation and leads to making ourselves and our chil- 
dren the eventual victims. 



Annual Report of the Board of Regents of the 
Smithsonian Institution Skewing the Operations, 
Expenditures, and Condition of the Institution for the 
Year Ended June SO, 1940. Puhtication 3606, 
Smithsonian InsHf uUon. U. S, Government Printmg 
Offiee, Washington. $1.50. 9i x 5f ; xUi -f 512 + 
107 plates; 1941. 
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As is customaxy, this report indudei, besides the report 
of the Secretary on the expenditures of the Institution 
and its projects, a group of papers on timely subjects. 
The general reader is more or less familiar with most of 
these subjects through magasine and newspq>er 
accounts, but such accounts are frequently ^^rewrites’* 
by persons without a scientific badcground. Within 
t^ p^psent report will be found a group of extremely 
interesting, authentic discussions in the field of science, 
mainly biological, prepared by outstanding investiga- 
. tors and students. In a limited space we can only list 
a few of these: Solar prominences in motion; The 
national standards of measurements; The search for oil; 
Animal behavior; The national wildlife refuge program 
of the Fish and Wildlife Service; A living fossil; In* 
sects and the spread of plant diseases; The Mexican 
bean beetle; Plant-tissue cultures; Prehistoric culture 
waves from Asia to America; Masked medicine societies 
of the Iroquois; The beginnings of civilization in eastern 
Asia; Stonehenge — ^Today and yesterday; The botany 
and history of Zizania aquarica L. (wild rice). 



Obsexvations on Plants and Insects in North- 
WESTERN Baja Calipornia, Mexico, with Descrip- 
tions OP New Bees. Transactions of the San Diego 
Society cf Nahiral History^ Vd, P, No, 31, 

By T, D, A, Cockerell, Society of Natural History^ 
San DiegOi Calif, 10} x 6}; 12; 1941 (paper). 



HUMAN BIOLOGY 
The Doctors Mayo. 

By Hden ClapesatUe, University of Minnesota 

Press^ Minneapolis, $3.75. 9 x 6; xiv 4“ 822; 1941. 
This voluminous record of the lives and works of the 
sturdy Doctor W. W. Mayo and his two brilliant sons. 
Doctors William J. and Charles H. Mayo, in a frontier 
community is an important contribution to contem- 
porary American history. From both professional and 
sociological standpoints, William J. and Charles H. 
Mayo were men of epiphenominal characteristics who 
exerted a profound influence upon their times. 

Entering into general practice with their father in a 
small western town, after such inadequate laboratory 
and clinical training as even the better medical schoob 
in the eighteen-eighties afforded, before the importance 
of autisepsb was generally recognized and modem 
asepsb was even conceived of, they soon became ab- 
sorbed in general surgery. ' Thb embraced the applica- 
tion of mechanical measures to the relief and cure of 
affections of any and all of the accessible organs of the 
body, including eye, ear, nose, and throat. 

As their practice expanded in volume and variety and 
thdr means allowed, taking turns, they attended first 


the clinics of leading surgeons of Chicago, New York, 
Philadelphia, Baltimore, Boston, and bter of Europe. 
Thus, gamering knowledge in the methods of diagnosb 
and treatment from many sources to add to the lessons 
drawn from their own experience, they were the pupib 
of no one master. Early in their career th^ attended 
meetings of medical societies, where, with becoming 
modesty, they presented their results, often to the 
astonishment of their colleagues. Combining a judi- 
cious blend of boldness in attack and brilliancy in 
execution with that uncanny appreciation of each 
patient’s actual physical and psychological state which 
ever distinguishes the great physician or surgeon, they 
advanced rapidly to a position perhaps unique among 
the world’s greatest practical surgeons. 

The hosts of patients from near and far furnished an 
experience from which in many fields of surgery they 
were warranted in speaking with an authority well ni^^ 
ex cathedra. 

Lack of space forbids the tracing of the importance 
of the Mayo connection with the Mercy Hospital 
under the capable direction of the Sbters of St Frauds, 
who supplied Sbter Josephine as first assbtant to the 
surgeons at operations, as well as efficient nursing 
service; the expansion of the hospital to meet the rapidly 
growing clientele; the gradual addition of talented 
colleagues to the Mayo partnership, with the establish- 
ment of one bboratory and dinical section after an- 
other; and finally the development of the great Mayo 
Clinic and the transfer of its rich holdings during the 
lifetime of the two brothers to a permanent Trust, the 
income of which, under the supervision of the State 
University, b devoted to the advanced training of 
physicians and surgeons. 

Throughout the book, perhaps as its most interesting 
feature, runs as the leitmotif the picture of the mutual 
love and devotion of the two brothers Mayo (♦‘by my 
brother and I”), of equal but diverse talents, earnest, 
honest, direct, generous, and simple in their lives and 
dealings, who so completely complemented and supple- 
mented each other and whose heads were never turned 
by the adubtion of patients or by the honors accorded 
them by the profession and institutions. 

The book, which is abundantly illustrated with pho- 
tographs, is prolix in places and, to the general reader, 
overburdened with local color. 



Maya Indians or Yucatan. 

By Morris Steggerda, Carnegie Institution of Wash- 
ington, Publication 531, Washington, D, C, $2.00 
(cloth); $1.50 (paper). 9} x 6}; xx -h 280 35 

figures + 32 pbtes; 1941. 

In this volume Steggerda has brought together much 
interesting material on the present day Maya Indiana* 
The highly organized society which we luu^ aact 
exbted in Yucatan Steggerda beUeves occurred ‘Srhen 
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small migrations of men with new ideas inspired them 
to build a glorious empire. These men were able to 
exert their influence only for a limited time, after which 
their descendants became absorbed into the general 

population ” The material is organized under the 

following headings: Piste [where the work was largely 
done] — past and present; Personality traits and every- 
day activities; Maise production and animal husbandry; 
Physical and physiological features; Demography and 
family history studies. 

The outstanding personal characteristics of the 
modem Maya Steggerda finds to be calmness and 
cleanliness. Farming provides practically their only 
means of support. While their ancestors were well 
advanced in mathematics, astronomy, and architecture 
the modem Maya have *'only numerous strange beliefs, 
and superstitions concerning the celestial bodies, the 
winds, the trees, and the ancient ruins.*’ 

Numerous records on the physical characteristics, 
including physical anthropometry of children are given; 
also the demography of several Indian towns. One of 
the striking features of the Maya is their excellent 
teeth — this in spite of the fact that their diet is 80-85 
per cent pure carbohydrate and that there is almost no 
mouth prophylaxis. Another characteristic is the 
high metabolism, which the author finds must in large 
part be considered ^Vindication of a real racial effect.** 
The Maya resemble the Chinese in an important, 
environmentally unaffected character, namely, the 
configurations of the ridges on the palm.** Growth 
rhythms of the Maya are identical with those of three 
other races (white, Negro, and Navajo children) 
sdected for comparison. The Maya children and 
adults are shorter in all ages than are those of the other 
three races. There are striking physiological similari- 
ties in the growth patterns of all four races, in spite of 
an entirely dissimilar body build and widely different 
food habits and climatic surroundings. For 605 Maya 
on whom both birth and death records were obtained, 
68.76 per cent died before they were five years old, and 
7.93 per cent died between the ages of five and fifteen. 

Many graphs and tables and 32 plates are included 
in this volume, but by far the larger part of the records 
is in six appendices which are on file at the Division of 
EQstorical Research of the Institute. 



Mah^iicd Lite in an Apsican Tribe. 

By /. Schapera. WUh an IniroducHon by Bronislaw 
Malinowski, Sheridan House^ New York. $3.50. 
9lx6l;xvii + 357;1941. 

A description of the family life of the Kgatala, a south- 
ern Bantu people now living in Bechuanaland, and its 
evolution during the last century forms the substance 
of this excellent work. Before contact with the whites 
(Dutdi first and then the English) the Kgatala family 
cmiititttted the primary unit of domestic living, and in 


it were centered the major cultural activities of the 
tribe. It was the nucleus of the legal, administrative, 
religious, educational, and economic systems of the 
tribe, and of course, the mainstay of the sex ethics of 
the group. With the advent of the laws and religion 
of the whites, the chief lost his authority, polygamy was 
abolished and the initiation rites and marriage mores 
were altered. Furthermore, the men of the tribe were 
given the opportunity, and were also forced by economic 
necessity, to obtain wage-pa 3 dng work away from the 
village; at the same time the women were enabled to 
acquire paying skills and training outside the home and 
the agricultural compound. The effects of such trans- 
formations of customs on a population to whom repro- 
duction is the most important obligation can easily be 
perceived and is revealed in this book with verve, 
uncommon frankness, and in some detail. Pre-marital 
and extra-marital sexual unions ale now openly toler- 
ated, parental authority has declined considerably, and 
the family organization has lost its stability. Thus, 
one sees the usual consequences of the contacts between 
conflicting civilizations, contacts which produce at 
least a transitory period in which the S 3 r 8 tem of ethics, 
the family and social organizations of both civiliza- 
tions, break down. 

The author, preoccupied by the present status of the 
group he has surveyed, is apparently not aware of the 
general significance of the phenomenon observed, nor 
is Malinowski who, in his very laudatory introduction 
to this work, somehow wishes to tie in the political 
philosophy of Russia and Germany with the disintegra- 
tion of the family. Malinowski fails to recall that the 
demographers of Sweden today present a picture of 
family life in that country almost identical with that 
described by the author for the Kgatala. 

The author has written this book for the general 
reader and certainly has succeeded in making it enjoy- 
able as well as instructive. Most of all, Schapera 
demonstrates a warm sympathy and a remarkable 
insight into the way of living of the Kgatala whom he 
has apparently come to know and to thoroughly under- 
stand. 



Smoke from Their Fires. The Life of a KwakiuU 
Chief. 

By CleUan S. Ford. Yale University Press, New 

Haven; Oxford University Press, London, $3.00. 

9z6;xiii-i-248;1941. 

The Kwakiutl once formed a powerful Indian nation, 
living on Vancouver Island. This is the life story of 
one of their chiefs, seventy-year-old Charley. The 
author has recorded Charley’s own narrative and 
through skilful, patient questioning has assembled an 
imusually comprehensive picture of native customs, as 
they existed on this island before white contact had 
altmd or eradicated them. The games of the young 
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children helped to equip them for the life which their 
culture demanded of them as adults. 

. . . the old men would say to go and get long spruce twigs, 
and then we go to war with these. Hardly anybody 
could stand tnis game. We would whip each other 
Anybody who could stand against that was brave. 
They cut right into youx skin, and all of us was bleeding. 

When I was quite a big boy, a chief of our tribe 
called all the chiefs of the Fort,P.uperts and told them 
he was going to give a tsUsika. The winter ceremonial 
is called which means ^^everything is not real.” 

At the Kweka chief’s house [during this tsitsika], I did 
my dance — the Warrior dance. I had spruce twigs 
thrust through the flesh on my thighs by one of the men. 
He first put a sharp iron throu^. Then when they 
took the iron out he put the twig through and put a 
knot in the twig to hold it together, and the same way 
in two places on my back. That hurted a little bit, 
and then they tied a rope onto the twigs and tied it 
onto the frame of a double>headed snake mask. And 
they have three poles and lift me up by lifting the mask, 
and the ropes lifted me and take me along the beach 
toward the Kweka chief’s house. . . . When I am 
lowered down, they take ofl the frame and the rope is 
holded by several men, and they begin to pull while I 
am dancing while they sing my song. . . . And then 
they begin to pull the ropes and try to break the twigs 
out of my leg and back. . . . When they couldn’t bret^ 
my sk^, they took my knife away from me and cut 
my skin, . . . Hanging around tied with white thread 
and a needle stuck in me all over, holding each one 
of these little paddles, holding a double-headed snake 
made out of yellow cedar wood in my hands all carved 
and I come out and dance. That’s all I have on when 
I dance that night. Hemlock branches is around my 
head. 

The old man’s frank and detailed account of his life 
forms interesting reading and represents a very valuable 
ethnographic document. There is no index. 



Southwestern Archaeology. 

By John C. McGregor, John Wiley and Sons, New 
York: Chapman and Hall, London, $5.00. 10 x 
6J;x-f 403; 1941. 

The science of archaeology is as yet too young to be 
very well systematized. The archaeologists are too 
busy assembling new material to cooperate in the in- 
tegration of what is already known. This is as it 
should be, for no science suffers so much from the 
advances of so-called civilization as this, with the whole- 
sale destruction of archaeological material when virgin 
cover is ploughed for cultivation or when ancient ruins 
are raided to supply modem building material. And 
what price would be too great to pay for some of the 
documents destroyed wilfully in the conflgrations of 
Alexandria and Tenochtitlan! 

But the time when archaeology shall be integrated 
into a systematic science is no longer remote. The 
present work seeks to accomplish that task for that 
portion of the United States where archaeological 
remains are the most numerous. Not only was the 


population density in the southwest higher than else- 
where on the continent in prehistoric times, but exactly 
the opposite condition obtains today, so that the 
artifacts of early cultures have been but little disturbed. 

The book begins with a description of the geology, 
physiography, and climatic conditions of the area, then 
follows a discussion of the historic record, the method of 
dating ruins by dendrochronology, a discussion of the 
different routes by which man came to the Western 
Hemisphere, and a discussion of the sources of informa- 
tion. All of this is purely introductory material. 
Then follows the main portion of the book — a descrip- 
tion of the arrow points, pottery, and refuse and burial 
mounds that have been dated, together with numerous 
excellent photographs of many of them. These are 
presented not as so many isolated facts, but are tied 
into each other so that they constitute a related whole. 

At the end of the book are several appendices con- 
taining lists of archaeological sites, dates of different 
types of pottery, etc., and a glossary of technical terms, 
with detailed bibliography and an extensive index. 

We need more archaeological works of this sort. 



The Hawaiian Planter. Volume I, His Plants, 
Methods and Areas of Cultivation, Bernice P, Bishop 
Museum Bulletin 161, 19^, 

By E,'S, Craighill Handy, The Bemiu P, Bishop 
Museum, Honolulu, $2.50. 10 x 6}; iii + 227 -f- 8 
plates; 1940 (paper). 

The author holds the opinion that subsistence agricul- 
ture of native peoples should become the object of 
study by ethnologists. This aspect of material culture 
is of prime importance and is also less changeable than 
many of the arts and crafts which have mainly occupied 
the attention of ethnologists in the past. The volume 
deals with the cultivated plants and the agricultural 
technics of the Hawaiian before he came in contact with 
Westerners. One of the difficult phases of this work 
has been the translation of the rich Hawaiian vocabu- 
lary dealing with plants and their various parts into 
scientifically accurate English. 

More than half of the book is devoted to the study 
of taro: the methods of planting both wet and dry taro, 
its uses, and the planting districts on the various 
islands. In Hawaii, where himdreds of varieties of 
such cultivated plants as taro exist, the ethnologist 
faces the problem of the complicated taxonomy of the 
subsistence crops with which he is concerned. The 
author has endeavored to meet this in his extensive 
research in the field. Very detailed lists of Hawaiian 
names for varieties, especially of taro and sweet pota- 
toes, are given. How far this material can be success- 
fully applied in further studies is difikult to judge. 
At least the book brings out interesting points regarding 
the multitude of uses to which a single plant has been 
put and the remarkably large number of varieties which 
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have been developed for use in restricted localities 
with differing soil and climatic conditions. 

Sweet potatoes, yams, bananas, sugar cane, bread- 
fruit, coconut and a number of less-known Hawaiian 
food plants account for the rest of the book. It is well 
illustrated with drawings intended to help students to 
identify varieties of the main early food plants of 
Hawaii, with maps showing planting localities, and 
with photos of plants and fields under cultivation. 

This book will especially interest the student of 
anthropology and all those concerned with elements of 
material culture of the early Hawaiians and of Poly- 
nesians in general. 



Tee Social Life of Psimitive Man. 

By Sylvester A, Sieber and Franz H. Mudler. B. 

Herder Book Company, St, Louis and London, $3.50. 

8z5i;xui + 566; 1941. 

This volume epitomizes, with some revisions, the well- 
known Volker und Kulturen by Schmidt and Koppers. 
It outlines the fimdamental concepts of the Culture 
Historical School of Ethnology, a school of thought that 
holds views which are in many respects sharply in 
contrast with the prevailing opinion of the majority of 
ethnologists of t^ country, at least. The culture 
historical method seeks to determine the sequence of 
prehistoric cultures by assuming that this order can be 
ascertained from the study of existing peoples of various 
degrees of civilization. That is, the more primitive 
cultures of the present day represent the survival of 
more or less universal civilizations that have disap- 
peared. According to this school, three main culture 
groups preceded the historic civilization. The first in 
order of antiquity is called “primitive” and is exem- 
plified by the Pygmies, among others. The second, 
called “primary,” is further subdivided into (a) the 
ezQgamous totemist culture of higher hunting (Kwa- 
kiutl), (b) the exogamous matrilineal culture of horti- 
culturists (Iroquois), (c) the exogamous patriarchal 
culture of pastoral nomads (Lapps). The third group, 
termed “secondary,” is subdivided into (a) the free 
matriarchal culture (Battack of Lumatra), (b) the 
mother right and totemist culture (Dravidics), and 
finally (c) the free patriarchal culture from which our 
historic civilization is descended. 

The socio-economic characteristics and the presumed 
development of each of these culture groups are de- 
scribed briefly. Among the main controversial points 
which derive from this view one concerns the develop- 
ment of the bilateral family which Schmidt believes 
was present in the primitive cultures, and another is the 
zeligiottS significance of totemism which, according to 
Schmidt, is over-rated. There are obviously criticisms 
of a logical as well as a factual nature to be leveled at 
the method and results. However, it must be admitted 
tibat to some degree Schmidt has achieved a broader 


synthesis of the subject than has so far been possible 
heretofore. 



Ckiminolooy. a Scientific Study of the Modem Crime 
Problem, 

By Eligius Weir, Introduction by Father Flanagan, 

Institute for the Scientific Study of Crime, Joliet, 

IlHnois. $3.00. 9x 6; xx + 329; 1941. 

Father Weir has for a number of years been chaplain 
in the Illinois Penitentiaries of Joliet and Stateville, 
and at the same time is Professor of Criminology at the 
College of St. Francis. The combination of these 
several attributes has led to the viewpoint which em- 
phasizes the responsibility of society with regard to both 
the prevention of crime and the reformation of the 
criminal. In this volume which is proposed as a text- 
book he presents a comprehensive survey of (1) the 
criminal laws of this country, (2) crime detection and 
law enforcement agencies, (3) the functions of the legal 
profession, (4) prison systems and punishment of 
crime. His discussion of these topics is highly critical. 
He points out the inconsistencies of the laws in relation 
to the punishment of crimes, the official complacency 
towards misdeeds by the legal profession and the flaws 
in the practical management of the problems of im- 
prisonment and of probation. In brief, he puts his 
finger on the very weaknesses which from time to time 
are glimpsed but never wholly perceived by the general 
public. He cites case after case to bring home his 
points, and if names and places had been included either 
the author would himself be placed in prison or else the 
public would be aroused to violence. Father Weir 
offers inany constructive suggestions to remedy the 
evils. Among these are the standardization of criminal 
laws throughout the country, the removal of politics 
from the judiciary, the centralization of law enforce- 
ment agencies, the recognition of the relation between 
crime and physical and mental disorders, the develop- 
ment of more adequate methods of meting punishment 
to take into account the personality of the criminal and 
the possibility of his reeducation. The author believes 
also that crime can be prevented through the efforts 
of the church, the home, and the school. This is a 
well-written book and one to interest all citizens in all 
professions. 



Family Expenditures for Clothino. Five Regions, 
U, S, Department of Agricidture Miscellaneous PMica- 
tion No, 428, Consumer Purchases Study, Farm 
Series, 

By Day Monroe, Maryland Y, Pennell, Elizabeth 
Phelps, June C, Hopper, and Helen HbUingsworth, 
Government Printing Ofijice,'" Washington, D, C, 30 
cents. 9J x Sf; iv -f- 387; 1941 (paper). 
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Family Expenbittthes for Furnishings and Equip- 
M£Nt: Five Regions, U, S, Department of Agriculture 
Miscdlaneous Publication No. 436. Consumer Pur- 
chases Study. Urban f Village and Farm Series. 

By Day Monroe^ Helen Hollingsworth^ Margaret 

Perry^ and Maryland Y. Pennell. Government 

Printing Office, Washington, D. C. 25 cents. 9i x 

5i;iv-f 212; 1941 (paper). 

Tlie first of these reports, on ways of spending for 
clothing, is a study of 

non-relief, unbroken, native-white families of farm 
operators in 13 farming sections representing the major 
types agricultural production in this country. Farm 
la&)rers and paid managers were excluded except in the 
Sout^ast where a special study was made of the tenure- 
labor group, sharecroppers. Data for Negro families, 
both operators and sharecroppers, were also obtained 
in the Southeast region and are presented separately. 

Groups of counties in the general farming section of 
Pennsylvania and Ohio were selected for special text 
presentation, and more detailed discussions on the use 
of clothing funds by each of 11 groups of family mem- 
bers are furnished for a large anal 3 rsis unit that combines 
all the farm communities surveyed in the North and 
West. 

The second report dealing with expenditures for 
household furnishings and equipment is based on 
surveys made on families living in 13 farm sections, 140 
villages, and 20 small cities — data for Negro families, 
for the Southeast region only, being presented sepa- 
rately. 

As in all previous reports on the Consumer Purchase 
Study (conducted under the auspices of the Works 
Projects Administration) statistical tables form a large 
part of the surveys. 

About Ourselves. A Survey of Human Nature from 
the Zoological Viewpoint. 

By James G. Needham. The Jaques Cattdl Press, 

Lancaster, Penna, $3.00. 10 x 6t; xi -f 276; 1941. 
Popular books on man from the point of view of natu- 
ralists are always needed, lest man forget that he is 
merely one of nature’s endless experiments and as such 
is governed by inescapable biological laws which can 
explain (and excuse) his makeup and behavior with all 
its imperfections and compromises. Professor Need- 
ham has produced an outstanding volume of this sort 
by writing in an attractive, clear style, by presenting 
well-chosen chapters without unessential detail, and 
by consistently avoiding proposals and propaganda for 
improving mankind. The author’s blunt and self- 
assured philosophy permeates his writing in a fashion 
stimulating to the layman and challenging to the 
specialist He never hesitates to explain the most 
puzzling problems in often original, though at times 
ali-too simplified, a manner. At various places his 


arguments carry the discussion far from the proper 
domain of biology and appear somewhat naive. 

The first 71 pages furnish a biological background 
with condensed surve 3 rs of the animal kingdom, the 
order of primates, fossil men, and the development of 
the brain. The subsequent 200 pages deal chiefly with 
some biological aspects of really psychological and 
sociological subjects and include such topics as religion, 
folkways, government, and war. Concerning war, the 
most timely of these varied items, it is stated that 
^'ours is a fighting species.” In such species the males 
are larger than the females, they are better armed, more 
gaudily decorated, more highly endowed vocally, and 
are willing to defend the family. One wonders whether 
even lay-readers can be convinced by these and many 
similar, sweeping generalizations. 



Deep South. A Social Anthropological Study of Caste 
and Class. 

By Allison Davis, Burleigh B. Gardner and Mary R. 

Gardner. The University of Chicago Press, Chicago. 

$4.50. 7|x5i;xv-|- 558;1941. 

Following the pattern already set by a number of 
investigators, the authors, assisted by other field work- 
ers, lived for two years in a southern town, ‘‘Old City,” 
and there participated in the social life of the commu- 
nity to study the socio-economic stratifications of the 
whites and of the Negroes, and the interactions between 
the two color groups. Their observations are reported 
in detail and in summary indicate that the inhabitants 
of the community 

live in a social world clearly divided into two ranks, the 
white caste and the Negro caste. These color-castes 
share disproportionately in the privileges and obliga- 
tions of labor, school and government, and participate 
in separate families, associations, cliques, and churches. 
Only in the economic sphere do the caste sanctions re- 
lax, and then but for a few persons and in limited 
relationships. Within the castes are social cla^s, 
not so rigidly defined as the castes, but serving to 
organize individuals and groups upon the basis of 
‘higher’ and ‘lower’ status, and thus to restrict inti- 
mate social access. 

Such findings would have been expected, but, al- 
though the wealth of information acquired has im- 
portance, one is struck by the superficiality of this 
kind of survey. There is obvious need for precise data 
on social behavior in our civilization but it seems that, 
since already a certain fund of knowledge is at hand, 
students of the subject could and should attempt to 
probe deeper into the matter. However, this excellent 
piece of accurate reporting is not to be dismiss^ as 
inconsequential since it again brings to the fore one of 
the most important problems that faces the coimtry, 
to wit, the problem of stabilizing the relationship 
between the whites and Negroes. 



172 


TEE QUARTERLY REVIEW OF BIOLOGY 


Becoiono a Rwoma. Teaching and Learning in a 
New Guinea Tribe. 

By John J. W. WhiUng. With a Foreword by John 

DoUard. Yde University Press. $2.75. 9x6; 

xix + 226; 1941. 

Anthropology has barely begun to study intensively 
the problems concerned with the transmission of culture 
or group habits from one human generation to the next. 
Such study must deal with child training, the processes 
of teaching and learning, as influenced by reward and 
punishment, and the causes of the origin or disappear- 
ance of cultural traits. The ultimate and generally 
valid conclusions from research of this nature will have 
to rest upon many comparative observations, gathered 
laboriously among widely differing tribes and cultural 
levels. 

The present scholarly, yet very readable contribu- 
tion, is the result of field work in a primitive, homo- 
geneous, and economically non-specialized tribe 
(Kwoma) from the interior of New Guinea, north of 
the Sepik river. The first part is largely descriptive, 
picturing the varied aspects of Kwoma culture, par- 
ticularly as they affect the daily life of children from 
infancy to adulthood. The second part deals exten- 
sively with theories of learning and of socialization in a 
careful attempt to analyze the behavior of these Kwoma 
children in the course of their development. In this, 
the author leans heavily upon Freudian h)rpothese8, 
pa 3 ring much and quite uncensored attention to the 
r6le of sex. 

From some passages in the book it appears that these 
naked savages can teach their offspring to behave 
properly with more ease, grace, and effect than is at 
the command of many a civilized parent. 

There is a useful index, but there are only a few and 
mediocre illustrations. 



Yale Uotversixy Publications in Anthropology. 
Numbers 23 and 24. Excavations in the Ft. Liberti 
Region, Haiti, by Froelich G. Rainey; Culture of the Ft. 
Liberti Region, Haiti, by Irving Rouse. 

Yale University Press, New Haven; Oxford University 
Press, London. Nos. 23 and 24 bound under one 
cover, and sold only as a unit, $3.50. 9} x 7; No. 
23, 48; No. 24, 181 + 35 plates; 1941 (paper). 

The first half of this study is largely a description of the 
field work relating to the archeological investigations 
conducted by the Yale Peabody Museum in the Ft. 
Liberty Bay region of northern Haiti in the summers of 
1934-35. In all, eleven different sites in this region 
were excavated with the help of native guides and 
workers. The discussions include detailed descrip- 
tions of the methods of locating worthwhile sites, the 
geological stratification of each, and the skeletal finds. 

The second part of the study is' concerned with a 
description and classification of the cultural artifacts 


collected during the investigation. Included in this 
report also are discussions relating to the probable 
modes of subsistence, social organization, language, 
religion, burial, trade, and warfare of the now extinct 
native Indian population of Haiti. From the data 
at hand, it is evident that the native Indians of Haiti 
were similar in many respects to their contemporaries 
in Central and South America, and had reached a 
fairly high point in their neolithic culture. 

Both reports are well documented, and present an 
abtmdance of tabular and illustrative material in 
support of the discussions. Each carries^ a table of 
contents. 

An Apache Lipe-Way: The Economic, Social, and 
Rdigious Institutions of the Chiricahua Indians. 

By Morris Edward Opler. The University of Chicago 

Press, Chicago. $5.00. 8 x 5}; xvii -h 500; 1941. 
The exposition of the subject particularly distinguishes 
this ethnographic description of the Chiricahua Apache. 
The author seeks to portray in order the sequence of 
social reactions manifest by these Indians from birth 
to death. One by one he introduces the societal ele- 
ments: family, culture, economy, religion, etc. which 
affect the life of the individual and mold him into an 
Apache. This approach is very effective and is ren- 
dered even more interesting by the abundant use of 
direct quotations from the Indian informants. Hence, 
the present work acquires almost the characteristics 
of an autobiography of a composite Chiricahua, and the 
personality of the author seemingly intrudes very 
little. By such a method the rationale of the individual 
or group reactions is clearly brought out and is not the 
product of the inferences of the observer from another 
civilization. By the same token one also runs the risk 
that the informant will seek to justify the actions of his 
group in terms of the observer’s social values. Thus, 
in the text one notes that the informants emphasize 
continuously the peacefulness, morality, and other 
Christian virtues of the Chiricahua. If these are 
flaws they are the only ones to be noted in this thorough 
and authoritative account of the life and mores of the 
Apache group studied. 



Die VlERLINGSGESCHWlSTER GeHRI UND IHR VER- 
wandtschaptskreis. Eine familienanthropologische 
Untersuchung. Archiv der Julius Klaus-Stiftung, Band 
15, Heft I 

By Otto ScUaginhaufen. Art. Institut Orell FUssli 
A.-G., Zurich. 9J x 6f; 309-398 -f- 10 genealogical 
tables -f 7 plates. 1940 (paper). 

The subjects of this study—^kar, Bertha, Rosa and 
Arthur Gehri — were bom as four-ovum quadruplets 
in Switzerland in 1880 and were still living and in good 
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health at the time this monograph was written. The 
most complete anthropometric data were obtained by 
the author when they were 45} years of age. Data 
on the earlier years of their life were obtained from 
various sources, including hear-say information and 
studies of photographs. In infancy and early child- 
hood they looked alike and their personalities were 
similar. Differences became more apparent as they 
grew older but even in middle age they were more 
similar to each other than to any of their 3 single sibs 
and 3 half-sibs, and also more similar than were any 
other individuals of their sibship to each other. The 
author ventures the hypothesis that environment may 
here have played a r6le, as their environment in suc- 
cessive years was more similar at a given age than that 
of the other sibs bom several years apart. Pedigrees 
of the maternal and paternal direct and collateral lines 
for five generations were also studied. The families 
of both parents showed a history of twinning. That 
of the mother had 7 pairs of twins in the paternal and 
5 pairs in the maternal lines. The father’s mother 
was a twin and one of his nieces bore a twin. The 
pedigree charts are appended and there is a bibli- 
ography. 



KOrpewjche Entwickluno nach Form itnd Leist- 

TOG BEI MiTTELSCHtyLERN VON AaRAU. 

By Eugen Marf, Manatschal Ebner and Cie, Zurich. 

9} X 6}; 231 + 29 tables; 1939 (paper). 

The greater portion of this book is devoted to the abso- 
lute and relative figures found in a large series of an- 
thropological measurements made on 477 boys and 170 
girls between the ages of 16 and 20 in Aarau, Switzer- 
land. In addition to body measurements, measure of 
pulling capacity, hand grip strength, running high jump 
and running broad jump, exercises on horizontal bars, 
climbing, and weight pulling are included. It was 
noted that growth continued in practically all height 
and breadth components in both girls and boys from 
the ages of 16 and 19 years. The exceptions were 
ilio-spinal height, tibial height, and hand breadth and 
length. Growth was more evident in boys than in 
girls beyond the age of 16. In the same sample studied, 
groups from the upper social classes tended to be both 
taller and heavier than the boys and girls from the 
lower income brackets. An appendix tabulates the 
statistical means, coefilcients, and ranges for each 
measurement made, grouped by age and sex. There 
is a bibliography. 



Western and Southwestern Indian Skulls. Uni- 
vtrsUy of Denver AtUhropological Series , First Paper ^ 
1941. 


By E. B. Rencrud. University of Denver^ Denver. 

85 cents. 8} x 11; 94; 1941 (paper). 

During the past fifteen years Renaud has published in 
various places records on Indian skulls from the West- 
ern Plains and Southwest. He has now brought ^biii 
material, as well as hitherto unpublished data, together 
under one cover in order to make it more readily acces- 
sible. The material is grouped as follows: Western 
crania or Plains Indians skulls (Nebraska and Colorado 
skulls); Southwestern crania (Pueblo, Basket Maker, 
and Mound Builder skulls); and a Palae- American 
type (comparative study of prehistoric skulls). 

The numerous tables of measurements and indices 
of crania studied which form part of the report are a 
useful contribution to the literature of physical anthro- 
pology of the American Indian. The study concludes 
with a bibliography of 45 titles. 



ZOOLOGY 

Guide to the Fishes of the Great Lakes and 
Tributary Waters. Cranbrook Institute of Science 
Bulletin No. 18 y August^ 1941. 

By Carl L. Eubhs and Karl P. Lagler. The Cran- 
brook Press f Bloomfield HillSy Mich. $1.00 (cloth); 

50 cents (paper); 9x6; [100] -f 16 plates; 1941. 

The systematic and geographic relationships of some 
of the forms of the fish fauna of the present Great Lakes 
and its tributaries “have been rendered very complex 
by the continental glaciers which covered the region 
during the Ice Age, as well as by evolution.” In the 
glacial era the large bodies of water which formed in 
front of the great ice cap overflowed southward to the 
Gulf through the rivers of the Mississippi valley, and 
to the Atlantic Slope through the Susquehanna, Mo- 
hawk, Hudson, and St. Lawrence valleys. With the 
retreat of the ice sheet the lakes became smaller and 
drainage from the southern region of the Great Lakes 
Basin much restricted. The waters from the Finger 
Lakes region and from central New York, however, 
turned into the Lake Ontario basin. In modem times 
canals have restored the connections of the Great 
Lakes waters with those of the great rivers to the south, 
and the barrier of Niagara has been broken down by the 
Welland and Trent canals. In addition to the early 
fish fauna of the Great Lakes Basin and the forms which 
have entered more recently through the artificial 
connections, the smelt, landlocked salmon, brown 
trout, rainbow trout, carp, and gold fish have been 
introduced by stocking. 

The present guide lists 229 kinds of fishes, native and 
introduced, “which are now known to live in the Great 
Lakes and their tributaries, or to have occurred there 
in historic times, . . .” Detailed directions for counting 
scales, fin rays, etc., and for measuring body lengths 
and other dimensions are given as a basis for learning 
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the salient characters of fishes. The ke 3 rs are well 
planned and, in a group of plates, figures of 118 forms 
afis shown. The geographic range — an excellent map 
is provided — of species and subspecies has been worked 
out not only from published material but from a great 
amoimt of original data. Much of the original infor- 
mation is based on specimens and records in the Uni- 
versity of Michigan Museum of Zoology. The work 
concludes with a reference list of eight pages and an 
excellent working index. A guide which will be found 
extremely useful by the amateur as well as by the pro- 
fessional zoologist. 



A Monograph of the Existing Crinoids. Volume /. 
The Comatulids, Part 4a. Superfamily Mariameirida 
{excepting the family Colobametridae). Smithsonian 
Institution^ U. S. National Museum Bulletin 82. 

By Austin E. Clark. U. S. Government Printing 
Office, Washington. $1.50. \2\ x 9i; 603 + 61 
plates; 1941 (paper). 

Several monographs have already been issued from the 
U. S. National Museum on the crinoids. Parts 3, 4, and 
5 of Volume I, Bulletin 82, include the systematic 
discussion of the species and higher groups of living 
comatulids, or unstalked crinoids. Part 3 (cf. Q. R. 
B., Vol. 7, p. 114), published in 1931, includes the 
superfamily Comasteridae. The present volume, a 
continuation of Part 3, includes the account of the 
second of the three superfamilies of the Oligophreata, 
with the exception of the Colobometridae. The vol- 
ume represents an enormous amount of detailed, care- 
ful, taxonomic work upon a difficult group. It is 
illustrated with a group of fine plates (283 figures). 

Since the publication of previous work dealing with 
the structure and morphology of the comatulids was 
published much additional work has been done by 
others. Some of these authors have differed with 
Gark on interpretation of structural peculiarities. In 
the first 73 pages of the present voliune Clark presents 
a summary of their work. He fails to find, upon a 
careful analysis, any reasons for altering his opinions 
already expressed. 

The wiain point of divergence between my opinions 
and those of my coUeag^es hinges u^n the weight 
to be given the Paleozoic and earlier Mesozoic forms 
an elucidation of the structure of recent types. I 
mRintAin that until the recent crinoids are far better 
known than they are at present, especially in regard 
to their younger stages, it is futile to attempt to inter- 
pret the details of their structure from comparison 
with earlier forms. For most of the earlier forms, as 
we know them, represent the terminal twigs de- 
velopmental branches of which the generalized be- 
cinningB are imknown, just as the adults of the recent 
ionns^iepresent the ultimate product of an unknown 
ontogenv. And even if the earlier stages of all the 
recent toms were known, it b by no means certain 
that these would give any definite due to their ancestry 


and morphological relationships when compared with 
the adults of earlier types. Imtil we are in possession 
of suffident facts to enable us to understand the recent 
types, and thus to be sure d our ground, we are likely 
to be led astray rather than aided by any detailed 
comparison with fossil types.” 



Systeicatic Catalogue of the Fishes of Tortugas, 
Florida: With Observations on Color, Habits, and Local 
Distribution. Papers from Tortugas Laboratory, Vol- 
ume XXXIV. Carnegie Institution of Washington 
Publication 535. 

By William H. Longley. Edited and Completed by 

Samuel F. Hildebrand. Carnegie Institution of 

Washington, D. C. $3.50 (cloth); $2.50 (paper). 

10 X 6i; xiii 4“ 331 -f- 34 plates; 1941. 

The late Dr. Longley was a pioneer in using the diving 
helmet for the study of fishes in their natural environ- 
ment. He found that many fishes are not afraid of the 
diver. Thus he was able to approach them and make 
hb observations on behavior, feeding habits, and 
adaptive coloration at dose range. An under-sea 
camera and a wax-covered slate for taking notes, 
which were later transcribed to paper, were part of hb 
equipment. Longley was imable to complete the 
present monograph but at hb request, Hildebrand, 
senior ichthyologist of the U. S. Fish and Wildlife 
Service, has performed this task. Organizing and 
bringing to fruition the work of another b always a 
difficult undertaking, requiring laborious research for a 
comprehension of the author’s notes and records. 
Hildebrand has done thb with skill and understanding. 
In the Introduction he says: 

Without doubt, Dr. Longley, after a quarter of a cen- 
tury of diving at Tortugas and elsewhere, knew the 
habits and Imunts of tropical and subtropical reef 
fishes better than any other person of hb day.” . . . 
the most important part of thb monograph consbts 
in the under-water observations reported. These ob- 
servations are the more important because of Dr. 
Longlev’s accurate knowledge of species. It b evident 
from tne great amount of time he spent in museums 
. . . during the bter years of hb life in the study 6f 
types and other important specimens that he was more 
and more impressed, as hb work progressed, with the 
supreme importance of the proper recognition of 
sp^ies. 

Among the 34 plates at the end of the volume will be 
found many interesting photographic reproductions 
showing various forms of fishes in their natural habitat. 
A complete index of the forms described b provided. 
Both the systematbt and the student of the biology of 
fishes will find thb a valuable reference work. 



Mosquitoes of the Ethiopian Region. III. Culi- 
cine Adults and Pupae. 
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By F. W. Edwards, The British Museum {Natural 

History), and Oxford University Press, London, 168. 
10 a: 7; viii + 499 + 4 plates. 1941. 

Two parts of this valuable reference work have been 
previously issued. Part I — Larval Bionomics of Mos- 
quitoes and Taxonomy of Culicine Larvae, by G. H. £. 
Hopkins was issued in 1936 (cf. Q. R. B., Vol. \2, p. 
109); Part IL—Anophdini: Adults and Early Stages, 
by A. M. Evans, in 1938 (cf. Q. R. B., Vol. 14, p. 245). 
The present volume completes the Monograph. The 
auUior’s death occurred as the material was about to 
go to press. 

The number of known species of Culicine mosquitoes 
of the Ethiopian region has advanced from about 180 
in 1927 to about 290 now described, besides some 40 
named subspecies and varieties. This increase ^^is in 
part due to the rectification of errors through which 
forms which are now considered distinct species had 
been liunped together, but still more to the discovery 
of numerous forms which until recently were entirely 
unknown.” Although the author had a vast amount 
of material at hand ”much further collecting is needed 
before the African fauna can be catalogued upon a basis 
that is secure both as to specific limits and generic 
conceptions.” The information herein given is suffi> 
cient, however, to identify all but a few of the African 
mosquitoes with certainty. Included in the descrip- 
tion of each species is information on distribution, so 
far as now known — ^but this data, it is stated, is often 
far from complete. 

In Section IV. — Zoogeography of Ethiopian Mos- 
quitoes, the following topics are discussed: (1) Com- 
parison with mosquito faunas of adjacent regions; (2) 
Faunal divisions of Africa as exemplified by mosquitoes; 
(3) Ecological classification; (4) Present distribution in 
relation to the past; (5) Sources and extent of our 
present knowledge; (6) List of Ethiopian mosquitoes 
with summarized distribution. Numerous illustrations 
are given in the text, a list of references is provided 
also an index to the names of mosquitoes. 



Toto and I: A Gorilla in t/te Family, 

By A, Maria Hoyt. Introduction by Roger Conant. 
J, B, Lippincott Company, Philaddphia and New 
York. S2.50. 8* x 5}; xxiv + 238; 1941. 

This is a popular account of the daily happenings in the 
life of that much publicized anthropoid debutante 
“Toto,” now the bride of the famous gorilla “Gargan- 
tua.” The late Mr. Hoyt shot Toto’s father in French 
Equatorial Africa and Mrs. Hoyt adopted the helpless 
infant, for which a native wet-nurse had to be found. 
Toto lived in a luxurious home under devoted care for 
xune years when her 438 pounds became too large a 
problem and she had to start a public career in a circus. 
This happened after she had carried a Japanese servant 
up into a tree. 


In view of the sudden and unpredictable changes in 
the temper of adolescent apes one reads with shudders 
of the freedom Mrs. Hoyt had granted to her house pet 
and “problem child” long after such indulgence had 
ceased to be a reasonable risk. In one of the last 
chapters, entitled “Toto the Comforter,” the author 
admits that: 

Our difficulties were always tremendously increased 
during two or three days of every month when Toto 
seemed to fall in love with one of the men. Some- 
times it was one of the gardeners, a tall handsome chap, 
sometimes Jos6, the second chauffeur, sometimes tbe 
butler. During these periods, she would follow the 
object of her affections about the grounds, . . . 

The primatologist will welcome the 35 good photo- 
graphs illustrating the rapid development of a gorilla, 
but he will be disappointed to find no sound observa- 
tions of scientific value for which existed such rare 
opportunities. To judge by her extraordinary weight 
and by her most recent pictures Toto has developed 
into the equivalent of a professional Fat Lady and it 
seems doubtful that her coming wedded life will result 
in a blessed event. Let us hope this prognosis is 
wrong and that Toto will soon present Gargantua and 
what is left of the scientific world with the first captive- 
bom gorilla! 

'm 

A Lot of Insects. Entomology in a Suburban Garden, 

By Frank E. Lutz. G. P. Putnam's Sons, New York, 

$3.00. 8ix5i; 304; 1941. 

Rarely do we find a book whose title so nearly embodies 
the essence of the subject matter as is the case of A Lot 
of Insects, Within these pages the author has recorded 
in a very interesting manner, his experiences of the past 
several years in obser\’ing, collecting, and experiment- 
ing with the “six-footed visitors” which have come to 
his suburban garden. The astounding feature of the 
work is that on a lot measuring 200 x 75 feet, the author 
has casually collected and identified no less than 1402 
separate species of insects. The collected materials 
now make up a feature attraction labelled “Insects of a 
Suburban Yard” in the display room at the American 
Museum of Natural History. 

The subject has been presented in a very unique and 
unorthodox fashion, following neither taxonomic nor 
pedagogic principles, but just in the order in which the 
author remembered the experiences. The text is rich 
in experimental observations, particularly with respect 
to the insect^s special senses, habits, and sounds. The 
clarity with which the author has stated his experiences 
is surpassed only by the frankness with which he admits 
that there is much yet to be learned about the ways of 
insects. 

The frequent excursions from the purely scientific 
to the humorous and imaginative phases of entomology 
make for delightful and stimulating reading. Through- 
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out the work there is mild plea for a better popular 
understanding of insects both from the point of view 
of their charm and interest per se^ as well as from the 
aspect of their economic importance. The footnotes 
are gathered into a 42>page *Tn Addition” at the end 
of the volume. The text is supplied with an abundance 
of excellent illustrative material and an index. 



Factors Affecting the General Status of Wild 
Geese and Wild Duck. InUnuUiond Wildfowl In^ 
guiryf Volume 7. The Inlemalional Committee for Bird 
Preservation (British Section). 

By Various Authors. With a Foreword by Percy R. 

Lowe. Cambridge University Press ^ Cambridge; The 

Macmillan Company, New York. $2.25. 9 } x 6}; 

X + 123; 1941. 

In less than a hundred years there has been a complete 
revolution in the conditions governing the habits and 
numbers of wildfowl in many parts of the world. The 
breechdoading gun, the steam-engine, the motor car, 
and motor boat, to mention only a few examples, have 
not only enormously increased destruction, but by 
disturbance of previously quiet and unmolested breed- 
ing grounds in the far north, have led to marked 
changes in distribution. To obtain both general and 
specific information concerning this state of affairs, 
the International Committee for Bird Preservation has 
adopted a far-reaching program of investigation. This 
first volume of the Committee’s report contains an 
introduction describing the events leading to the forma- 
tion of the Wildfowl Inquiry Sub-committee and eight 
papers by specialists, namely: Conditions in northern 
breeding areas; The distribution of Zoster a and other 
seashore plants in relation to the migration of wildfowl; 
British decoys; Punt-gunning; Ringing of duck at 
British decoys; Results of ringing duck; and Close time. 
Although the report deals with conservation problems 
in Europe, and the British Isles in particular, American 
conservationists would do well to acquaint themselves 
with the information gathered about a problem which 
is world-wide in scope. 



Field Book of Snakes of the United Stales and Canada. 
By Karl P. Schmidt and D. Dmght Davis. G. P, 
Putnam's Sons, New York. $3.50. 6i x 4; xiii •+• 
365 + 34 plates; 1941. 

Not even fif^-stories deviate from the truth as often 
and as far as do popular beliefs regarding snakes. This 
splendid little volume is of much-needed help in re- 
placing, snakelore with sober herpetological informa- 
tion, authoritative, comprehensive, well arranged, and 
not overburdened by unessential detail. The first 
of the many excellent photographs shows a rattlesnake 


unhesitatingly crossing the horsehair rope with which a 
camper had thought to safeguard his sleep. 

The great variety of subjects considered in the first 
part includes the history of the study of North Ameri- 
can snakes, an anatomical description of the poison 
apparatus, the treatment of snake bite, the methods of 
collecting and preserving snakes, and suggestions to 
amateiu: students for new and useful observations on 
snakes. 

The largest part of the volume gives a 83 r 8 tematic 
account of all our snakes with as clear and convenient 
keys for species determination as this complicated 
matter permits. A great many text figures, showing 
head formation, scale pattern and geographical distribu- 
tion, a selected bibliography, and a lengthy index add 
to the usefulness of this field book. 



The Herpetology of Hispaniola. Smithsonian Insti- 
tution. United States National Museum Bulletin 177. 

By Doris M. Cochran. (/. S. Government Printing 

Office, Washington, D. C. 70 cents. 9J x 6; vii + 

398 + 12 plates; 1941 (paper). 

The natural history of island fauna has for many years 
provided pertinent material for studies in taxonomy and 
evolution. While the present study of the herpetdogy 
of Hispaniola is concerned largely with taxonomy, it is 
apparent that the extremely rough topography of the 
island has been responsible for the isolation and subse- 
quent evolution of many interesting forms. 

The author’s purpose of ^advancing the survey of 
the amphibian and reptile fauna of the Greater Antilles” 
has been amply fulfilled in this report. The work, 
based on many years of painstaking field and museum 
observations, lists 14 families representing 32 genera 
and numerous species of amphibians and reptiles native 
to Hispaniola. The discussion of each species includes 
a detailed description, a list of measurements, the 
principal variations, the habitat, the paratype, and the 
relationships to other species. The work is abundantly 
supplied with tabular material and illustrations, both 
graphic and photographic. For most of the amphib- 
ians, the illustrations include a dorsal and ventral view 
of the entire body, a profile of the head, an interior view 
of the mouth, and a view of the under side of the hand 
and foot. For the reptiles, the illustrations show the 
scale pattern for the top of the head, the profile, and the 
chin. The study is documented with a 5-page bibli- 
ography, and carries a comprehensive index. 



2^ologica. Scientific Contributions of the New York 
Zoological Society. Volume XXVI, Part 3, Numbers 
19-27. 
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New York Zoological Society. Zoological Park, New 
York. 12.00. 10} x 7; 143 + 28 plates; 1941 
(paper). 

This number contains the following papers: 

Eastern Pacific Expeditions of the New York Zoological 
Society. XXVI. Crabs of the Genus Uca from the 
West Coast of Central America, by Jocelyn Crane (9 
plates, 8 text-figures); Eastern Pacific Expeditions of 
the New York Zoological Society. XXVII. A Study 
of Yoimg Sailfish (Istiophorus), by William Beebe (5 
plates, 9 text-figures) ; On the Reproduction of Opsanus 
beta Goode & Bean, by Charles M. Breder, Jr. (2 
plates); On the Reproductive Behavior of the Sponge 
Blenny, ParacHnus mannoraius (Steindachner), by 
Charles M. Breder, Jr. (3 plates, 1 text-figure); The 
Chromatophores of Fundulus heieroclUus in Polarized 
Light, by A. M. Shanes and Ross F. Nigrelli (3 plates); 
New Races of Alaudidae and Timaliidae from Northern 
Thailand, by H. G. Deignan; Respiratory Behavior in 
Fishes not specially M^fied for Breathkg Air Under 
Conditions of Depleted Oxygen, by Charles M. Breder, 
Jr. (1 plate); Eastern Pacific Expeditions of the New 
York Zoological Society. XXVIII. Fishes from the 
Tropical Eastern Pacific. [From Cedros Island, Lower 
Caluomia, South to the Galapagos Islands and North- 
ern Peru.) Pt. 3. Rays, Mantas and Chimaeras, by 
William Beebe and Tohn Tee- Van (4 plates and 40 
text-figures); Erotylidae of Kartabo, Bartica District, 
British Guiana. (Coleoptera.), by C. H. Curran (1 
plate and 1 text-figure). 



University of California Pubucations in Zoology^ 
Vol. 46, No. 1. The White-Crowned Sparrows (Zono- 
trichia leucophrys) of the Pacific Seaboard: Environment 
and Annual Cycle, by Barbara D. Blanchard. 

University of California Press, Berkeley. $2.00. 

lOJ X 6J; 135 + 20 plates; 1941 (paper). 

The general plan of this study has been to assemble the 
most complete picture possible of the year-round be- 
havior and reproductive physiology of two populations 
of white-crowned sparrows, one migratory, the other 
resident, of widely separated breeding areas. Great 
emphasis is laid on the history of the male reproductive 
system as a slow and exquisitely precise time-keeper for 
individual, racial, and environmental comparisons. 
Some attention is given to the relatively minor aspects 
of behavior which are, so to speak, the superficial 
aspects or indicators of the more deep-seated, cyclic 
pattern. The book is of particular interest in that it 
develops the thesis that an understanding, not of 
minor structural modifications but of the relationship 
of the annual cycle to the environment, offers the most 
promising road to the center of problems of distribution 
and potential evolutionary change. 



From Robin to Junco. Stories of Birds and What 
They Do, 

By Mary /. Curtis, Houghton MiJjUn Company, 
Boston, 96 cents. 7} x 6; 216; 1941. 


When city-bred Ann visited her bird-loving uncle in 
the country he taught her how to observe birds and 
told her about the habits, characteristic behavior, and 
foods of many kinds of birds. The descriptions of 
their rambles and their conversation about the birds 
they saw — robins, hummingbirds, cardinals, wood- 
peckers, cowbirds, crows and many others — are reported 
in this book for the 8 to 11-year olds. The text is 
written with authority but in a manner to stimulate 
the interest of the age group for which it is intended. 
It is printed in a large, clear type which, together with 
the illustrations, makes a book which should be attrac- 
tive to children. The illustrations consist of twelve 
color photographs by Arthur A. Allen of Cornell Uni- 
versity and charming black and white drawings on 
nearly every page which depict characteristic poses and, 
in many cases, the animation of the birds. The simple, 
well-planned index is prefaced with explanations for its 
use by the inexperienced. The end papers show routes 
of the migratory birds who make their summer homes 
in the United States east of the Mississippi. The book 
is suitable for grade-school and public libraries and the 
child’s own book-shelf. 

The Birds of North and Middle America: A De- 
scriptive Catalog of the Higher Groups, Genera, Species, 
and Subspecies of Birds Known to Occur in North Amer- 
ica, from the Arctic Lands to the Isthmus of Panama, the 
West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago. Smithsonian Institution, 
United States National Museum Bulletin 50. 

By Robert Ridg;way. Continued by Herbert Fried- 
mann. U. S. Government Printing Office, Washing- 
ton, D. C. 40 cents. 9J x 6; ix -f 254. 1941 
(paper). 

The ninth part of this well-knowm descriptive catalog 
of birds contains the Gruiformes with the families 
Gruidae (cranes), Rallidae (rails, gallinules, and coots), 
Heliomithidae (sun-grebes), and Eurypygidae (sun- 
bitterns). Although the size of the present volume 
has been reduced from its original bulk to permit more 
immediate publication, none of the essential data has 
been omitted by Friedmann. 

All descriptions are based upon a thorough study of 
specimens and the literature; nothing has been accepted 
merely because it was written. The sequence of orders 
in the volume continues to follow Ridgway’s plan, but 
the arrangement of families, genera, species, and sub- 
species within each order is patterned to agree with 
that given in Peters* Check List of Birds of the World. 



Pelagic Whaling in the Antarctic, ix. Tta 
Season 1938-1939. Hvalradets Skrifter, ScienHfic 
Results of Marine Biological Research, No, 25, 
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By Birger Bergersen and Johan T, Ruud, Jacob 
Dybwad, Oslo, Kr. 3.50. lOf x 7; 46 + 2 plates. 
194cl (paper). 

The statistical data pertinent to the reports of 25 float- 
ing factories and 1% catchers that took part in the 
pelagic whaling of the antarctic during the season of 
1933-39 are embodied in this monograph. An abun- 
dance of charts and tables are used to indicate the 
number, sLee, and sex of the different varieties of whales 
taken, ^e amount of oil produced, and the extent of 
area over which the catchers worked. The data are 
broken down for the months, and presented in terms of 
barrels of oil per catcher’s day. 

An important fact emerging from the data at hand 
is that of a decrease in the number of large animals 
taken. This is taken as an indication that the whale 
stocks of the antarctic are being slowly, but surely 
depleted. 



Bio Zoo. 

Described by WiUiam Bridges. Photographed by 
Decider Holisher. The Viking Press j New York, 
$2.00. 9i X 6i; 160; 1941. 

In this book one of the officials of the New York Zoo 
relates some of the interesting experiences that have 
occurred in his career. But the greater part of the 
work consists of photographs of those things that the 
general public never sees — chiefly the veterinary 
hospital. 

The book lacks the intimate personal touch of Mrs. 
Benchley’s Life in a Manmade Jungle ^ nor is it as 
large as that work, which has already become a classic. 
But the New York Zoo is larger and richer than that at 
San Diego, and so has a greater variety of animal life 
on exhibit, and the experiences of its curators are more 
wide-spread. All told, the authors of this work have 
succeeded in producing an interesting collection of 
illustrations, with explanatory text. As it is essen- 
tially a narrative, there is no index, nor is there any 
need for one. 



Under the Sea-Wind. A Naturalises Picture of 
Ocean Life. 

By Rachel L. Carson. Illustrations by Howard 
Freeh. Simon and Schuster^ New York. $3.00. 
8ix6;xix H- 316; 1941. 

This is a literary interpretation of the animal life of the 
seashore. While the* characters that figure in the 
story have been imbued with personalities, this has 
been adcomplished with scientific accuracy and is not 
offenuve. The illustrations are well executed and the 
41 page glossary very helpful. 


UNivsEsiry ov Caufosnia Pubucatxons in 2SooLOoy . 
Vcl, 43, No, 15, A Study of Ouymonas minor Zdiff 
from the Termite Kalotermes minor Hag/en^ by Joy 
Barnes Cross. Vot. 47, No. 2. A Miocene Sea Lion 
from Lomita, California^ by Gretchen M. Lyon. 

University of California Press, Berkeley and Los 
Angeles. 25 cents each. 10^ x 6}; No. 15, 17 + 2 
plates; No. 2, 19 + 5 plates; 1942 (paper). 
Transactions or the San Diego Society of Natural 
History. Vol. 9, Nos. 29, 30, 32, and 33. The Long- 
Nosed Snakes of the Genus Rhinocheilus, by Laurence 
M. Klauber. A New Species of Rattlesnake from 
Venezuela, by Laurence M. Klauber. A Vertebrate 
Faunal Survey of the Organ Pipe Cactus National 
Monument, Arizona, by Laurence M. Huey. Notes on 
Some Mexican and Californian Birds, with Descriptions 
of Six Undescribed Races. 

Society of Natural History, San Diego, Calif, 10} x 
61; No. 29, 39 + 2 plates; No. 30, 3; No. 32, 20; 
No. 33, 7; Nos. 29 and 30, 1941; Nos. 32 and 33, 
1942. (Paper.) 



BOTANY 

An Introduction to the Study of Algae. 

By V. J. Chapman, Cambridge: at the University 

Press; The Macmillan Company, New York, $3.75. 

8} X 5i; X + 387; 1941. 

Although intended as a relatively elementary textbook, 
suitable for university students, this book has a wider 
usefulness. The first chapter, in the light of more 
recent taxonomic treatments of the Algae, recognizes 
and outlines nine living groups and the fossil Nema- 
tophyceae. The discussion of these nine groups, 
covering their morphology, development, reproduction, 
life histories, dbtribution, and relationship, occupies 
the next seven chapters (238 pages). There are numer- 
ous helpful illustrations, some from the standard litera- 
ture, some from less familiar sources, a few original, 
with many schematic diagrams of phylogeny, relation- 
ships, and life histories. While this portion of the 
book is largely the usual textbook treatment of the 
field it contains some valuable additional material 
from the more recent literature and as a whole forms a 
useful supplement to the well-known texts of Fritsch, 
Smith, Tilden and others. 

It is the second part of the book, however, which 
greatly extends its value, for in six general chapters, 
comprising about 130 pages. Chapman presents mate- 
rial not usually made available to the student in phyco- 
logical texts. His treatment, in Chapter 9, of the 
general aspects of reproduction and evolution, imple- 
mented with schematic diagrams of life cycles and of 
phylogenetic sequences, with tables of parallelism in 
evolution, with definitions of significant terms, and 
with general summaries, will prove eq)ecially useful 
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to the student. His treatment of fossil forms, although 
brief, will serve as an introduction helpful to those 
whose schedule does not permit examination of the 
extensive literature in English or to those for whom the 
German of Krftusel, Pia, and Hirmer is a serious obsta* 
cle. His treatment, in Chapter 10, of recent physiolog- 
ical work will also prove very useful to the student 
since it comprises significant material usually omitted 
from algalogical texts, while his survey of s3rmbiosis, 
even though brief, cannot help but awaken the interest 
of the reader, and his discussion of the soil algae renders 
available to the student important material not usually 
included in texts, yet of considerable biological and 
practical interest. 

As Chapman is primarily an ecologist and his own 
work, both that done along the coast of Great Britain 
and that done along our New England coast while he 
was here as a Henry Fellow, has extended our knowl- 
edge of the ecology of salt marshes, the last four chap- 
ters, on ecology, notably enhance the value of the book. 
His discussions of marine and fresh water ecology and 
especially of the ecology of salt marshes, while in part 
compilations, are in part original work and throughout 
show the effective evaluation and interpretation of one 
thoroughly familiar with the subject. 

Finally, his chapter on ecological factors, geograph- 
ical distribution, and life form, with its encouraging 
simplicity and directness of presentation, will prove 
an especiaUy helpful introduction for those to whom this 
confused and controversial field with its extravagant 
and elaborate terminology has seemed unduly awesome 
and discouraging. 



Fundamentals of Plant Science. 

By if. Ellen 0*Hanlan, F. 5. Crofts and Company, 

New York. $4.25. 9 x 6; xi -f 488; 1941. 

Having in mind that 70 per cent of the students regis- 
tered in general botany courses do not expect to con- 
tinue studies in botany, and that only a small propor- 
tion of the remaining 30 per cent will take more than 
one additional course, the author has prepared her book 
**to provide for adaptations and certain alternatives, 
so as to serve several types of courses.” The volume is 
designed for a full year’s work, either half of which 
may be considered a complete course. 

The volume is well planned. After the introductory 
chapters. Part I deals with Classification; The plant as a 
whole; The plant cell; Leaves; The flower; Fruits; 
Seeds and seedlings; Roots; and Stems: Part 11 with 
Alternation of generations; Algae; Fungi and their 
allies; Bryophyta; Pteridophyta; Gymnospermae; 
Angiospermae; Genetics; Organic evolution; and 
Botanical history. The large number of figures (268) 
have been carefully chosen and include pictures of 
famous botanists, beginning with Theophrastus, ”the 
father of the science of botany,” and ending with those 


of recent times. Brief sketches are included of those 
who have done pioneer work in the various fields of 
botany. Suggestions for investigation and discussion 
and lists of references conclude each section, a lengthy 
glossary is provided, also a good working index. 

For a general culture course in botany and, indeed, 
for courses designed to provide a foundation for ad- 
vanced work this volume will be found useful. It is 
direct in its treatment and stimulating, but it does not 
confuse the student with controversial problems which 
the advanced worker is more capable of comprehending. 



Plant Hunters in the Andes. 

By T. Harper Goodspeed. Farrar and Rinehart, 

Inc., New York and Toronto, 9J x 6; xvi -f 429; 

$5.00. 

The culmination of the author’s search for a lost species 
of tobacco plant came in an expedition to South America 
in 1935-36 which was followed by another in 1938-39. 
The experiences and accomplishments of the members 
of these two expeditions sent out by the University of 
California Botanical Garden are described in this book. 
With his wife and eight North American botanists and 
assistants the author covered thousands of miles up 
and down the west coast of the southern continent. In 
their quest for new and rare ornamental plants, the 
members of the expedition, motivated largely by the 
love of plant collecting, were carried from the arid 
coastal deserts of northern Peru and Chile, through the 
tropical and temperate rain forests, up the steep slopes 
of the snowy Andes to the top of the world, Aconcagua 
(the highest mountain in the Western Hemisphere), 
and from near the equator on the Ecuadorian border, 
to far southern Chile — the land of the weird monkey 
puzzle tree — and out into the South Pacific to Juan 
Fernandez, “Robinson Crusoe’s Isle.” 

The book contains many excellent photographs 
illustrating the landscapes and peoples as well as the 
remarkable vegetation of the Andes. The personal 
and refreshingly informal fashion in which the story is 
told makes it interesting and enjoyable reading for the 
botanist as well as the general reader. 



Plants Collected by R. C. Ching in Southern 
Mongoua and Kansu Province, China. Smith- 
sonian Institution, U. S. National Herbarium, Volume 
28, Part 4. 

By Egbert H. Walker. U. S. Government Printing 
Office, Washington, D. C. 30 cents. 91 x 6; 563-675 
+ 7 plates 1 folding map; 1941 (paper). 

In 1932 the National Geographic Society sent Doctor 
F. R. Wulsin to China to conduct its Central China 
Expedition. The objective was to collect ethnological, 
zoological, and botanical material, and to make a 
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general survey of the region preparatory to more inten- 
sive exploration at a later date. R. C. Ching, of the 
National Central University, Nanking, was chosen 
as the botanist of the expedition. 

Ching gives an interesting account of his travels 
and experiences, and of the vegetation of the territory 
surveyed. Over 1,150 botanical specimens were col- 
lected, representing 2 families, 12 genera, and 22 species 
of pteridophytes, and 81 families, 318 genera, and 767 
species of seed plants. About 25 new species and 
varieties have been based on Ching’s Kansu specimens. 
Most of the new forms have already been described in 
various publications but the present systematic enu- 
meration includes three original descriptions. This 
list adds much to the previous rather meager knowledge 
of the flora of this part of China. The work concludes 
with an index. 



Hunger Signs in Crops. A Symposium, 

Edited by Grove Hamhridge, The American Society 
of Agronomy and The National Fertilizer Association^ 
Washington^ D. C. $2.50. 10 x 7; xiii -f 327; 
1941. 

Many so-called plant diseases such as ^^flred com,” 
“rust” in cotton, and “die back” in citrus fruit trees 
are merely hunger signs or symptoms of plant food 
deficiencies. The purpose of this book is to enable the 
farmer and other agriculture workers and all interested 
laymen to recognize the signs of nutritional deficiencies 
in crops so that they may be in a position to correct the 
difiOiculties themselves or seek further ezp)ert help from 
scientific workers in this field. Deficiencies in a con- 
siderable number of important crops, such as tobacco, 
com and small grains, potato, cotton, vegetables, 
deciduous fruits, citrus fruits, legumes, are discussed 
in a practical, understandable manner. Some of the 
chapters include a key for quickly identifying a defi- 
ciency by its symptoms. The excellent plates also 
simplify identification. Each chapter has a list of 
selected references and the volume is well indexed. 



Work Book in General Botany. A Problem Ap- 
proach to Plant Science Through Observation and Dis- 
cussion, 

By H, C, Sampson, Harper and Brothers^ New York 
and London, $1.75. Ilx8i;vi 242; 1941 (paper; 
loose-leaf). 

A fourth reprinting of an excellent guide, which first 
appeared in 1935. ll is designed for a two-semester 
course for cdilege freshmen and is prints on one side 
of durable loose-leaf sheets, with plenty of space 
between the topics for the student's notes of observa- 
tion. Instruction is almost entirely by the question 
method. ‘ Although the general education of the student 


has been mainly considered, the completed work will 
give to those who wish to take advanced courses a 
sound grounding in basic principles. 

The numerous illustrations throughout the text are 
carefully chosen and well executed. Graphs and tabu- 
lar matter and reference lists are also provided. There 
is no index, but the table of contents has been arranged 
to make textual matter easy to find. 



Laboratory Plant Physiology. Second Edition, 

By Bernard S, Meyer and Donald B, Anderson, D, 
Van Nostrand Company, New York, $2.00. lOf x 
8§; iv -f 101; 1941. 

This laboratory manual has been designed on the same 
basis as the text book of Plant Physiology by the same 
authors. The first part deals with simple experiments 
in physical and colloid chemistry. The remainder 
covers very adequately the entire field of plant ph3r5iol- 
ogy. Special emphasis is placed on water relations 
and translocation. A total of 177 experiments are 
included. The majority of these are of an elementary 
kind but others introduce more elaborate quantitative 
methods. The instructor thus may select experiments 
best suited for elementary and advanced students and 
for a one or two term course. The book also includes 
several illustrations of apparatus, descriptions for the 
preparation of reagents and blank pages for the stu- 
dent's data and notes. 

It is the opinion of the reviewer that this is one of the 
most practical and carefully prepared manuals in plant 
physiology available in published form. 



Hosts of the Sugar Cane Guhming Disease Organ- 
ism. La Revue Agricole de Vile Maurice, Vol, 20, 
Number 1, 1941, 

By G. Orian. The General Printing and Stationery 

Company, Port Louis, Mauritius, 9f x 7; 19-58 + 

6 plates; 1941 (paper). 

Until fairly recently the gumming disease caused by 
Bacterium vasculorum was known only as a disease of 
cane sugar. In 1932 the author of the present work 
studied a disease of maize noticed in Mauritius. The 
pathogen was fotmd to be B. vasculorum. Since that 
time other investigators have found the white palm to 
be a natural host for this bacterium on the island. The 
characters and reactions of the bacteria isolated from 
these hosts — cane sugar, maize, and white palm — are 
described. Orian likewise succeeded in inoculating 
Job's tears, guinea grass, the tall bamboo and the 
coconut palm with B, vasculorum. The results of his 
experiments with these artificial hosts are presented 
and illustrated. 
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Vegetable Geowing. Third EdUion^ Thoroughly 
Revised, 

By James Edward KnoU, Lea and Fehiger^ PkUo- 
delphia. $3.25 net. 7} x 5i; 356; 1941. 

Primarily a textbook for students in agriculture this 
book will be found of great value to all Victory garden- 
ers, especiaUy those who lack a knowledge of the basic 
principles and the “why and wherefore** of the various 
cultural operations. Only when the gardener is well 
grounded in these fundamental operations is he able 
to apply the specific cultural methods of each individual 
vegetable successfully. 

This book is a masterpiece in concise, clear diction. 
The third edition is timely and should be instrumental 
in increasing vegetable production both commercially 
and in home gardens. 



MORPHOLOGY 

Contributions to Embryology. Volume XXIX ^ 
Nos. 179 to 186. Carnegie Institution of Washington 
Publication No. 525. 

Carnegie Institution of Washington, D. C. $4.50 

(paper); $5.50 (cloth); llj x 9; 193 4- 56 plates; 1941. 
The current issue of this valuable series contains 8 
papers of considerable interest. The first two are 
concerned with descriptions and measurements of ova 
recovered from the rhesus monkey. Hartman and 
Comer figure two ovarian eggs (two plates) showing 
respectively the first maturation spindle, and the first 
polar body and second maturation spindle. Such 
fortunate recovery has made it possible to demonstrate 
clearly for the first time that in the monkey, as in the 
majority of mammals, the first maturation division 
occurs within the Graffian follicle just prior to its 
rupture. The recovery of 8 tubal ova of known ovula- 
tion age by Lewis and Hartman brings the total number 
described by them up to 12. Of the new series two 
were in the 2-cell stage, and six were non-fertile. At- 
tempts to fertilize two in vitro proved unsuccessful. 
One plate of photographs from a motion picture of one 
of the 2-cell eggs shows the behavior of the centrosphere 
material before and during early cleavage. 

The third paper by Heuser and Streeter is a remark- 
ably complete record of the development of the Ma- 
caque embryo beginning with the free blastocyst and 
ending with the earlier fetal stages. The embryos 
represent closely over-lapping stages of known ages, 
accurately oriented and histologically ideal. Such 
data obtained and handled with superior laboratory 
facilities are particularly valuable in the interpretation 
of human material. Realizing that “the embrj^o at all 
stages is a living organism and is to be analyzed as a 
biologic problem rather than purely a morphologic 
abstraction** the authors have given us more than the 
customary descriptive study. From this point of 


view what were thought to be vestiges of great phylo- 
genetic importance appear to be, in many instances, 
temporary embryonic structures essential to a particu- 
lar period of development. The paper is completely 
and superbly illustrated with 33 plates and 5 text 
figures. 

Three papers deal with human material. Two hu- 
man ova of the pre-villous stage, having an ovulation 
age of about 11 and 12 days respectively are described 
and figured (8 plates, 4 text figures) by Arthur T. 
Her tig and John Rock. The welcome acquisition of 
two such beautifully normal ova enable one to com- 
plete the hitherto unfinished picture of development in 
man on the 11th and 12th days following fertilization* 
Two well-preserved, normal human embryos, one in the 
primitive-streak stage (Jones-Brewer Ovum I), the 
other an early presomite embryo having no primitive 
streak (the Torpin ovum) are described and figured 
respectively by Jones and Brewer and Joseph Krafka, 
Jr. The estimated age of the Jones-Brewer embryo is 
18J days. In addition to the primitive groove, allan- 
tois, and blood-vessel formation, it has a minute head- 
process — the earliest stage of the head-process yet 
described in human material. The Torpin ovum 
represents one of the best specimens on record of the 
simple villous group. In placing it in its correct posi- 
tion among the stage II embr>^os of Group I (Streeter’s 
seriation) interesting comparisons are made with vari- 
ous previously described human ova. 

A paper on the “Growth and development of the 
Orang-utan,** by .Adolph H. Schultz, with one plate and 
14 text figures, supplies much new information on the 
conditions of growth and development of this important 
member of the anthropoid apes. Based upon observa- 
tions and measurements on the outer body and on the 
skeleton and teeth of large numbers of specimens from 
many localities, this paper gives us a record of changes 
which occur with age in the body of the orang-utan. 
Comparisons, as far as accumulated data allow, show 
that in general the autogenetic processes of the orang- 
utan and the chimpanzee are far more similar than are 
those of either of these apes and man. 

In a paper by I. Gersh and Arthur Grelman (3 
plates, 1 text figure) a detailed study was made of the 
vascular pattern in the adrenal glands of rats and mice 
of various ages and under the influence of various 
degrees (rf stimulation (e.g., thyroid feeding, exposure 
to low temperature). The changes in pattern are 
interpreted in terms of function, and a physiological 
basis is established for the specific vascular pattern 
observed. Deductions are drawn which offer an ex- 
planation of the arrangement of the cells into zones in 
different animal species and under different physiolo- 
gical conditions. 
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The Retina. The Anatomy and the Histology of the 
Retina in Man, Ape, and Monkey, Including the Con* 
sideration of Visual Functions, the History of Physio* 
logical Optics, and the Histological Laboratory Technique. 

By S. L. Polyak. The University of Chicago Press, 

Chicago. $10.00. lOJ x 7J; x + 607 4- 100 figures; 

1941. 

This book represents a courageous and persistent, not 
to say stubborn efiort, to find an explanation for the 
complexities of visual function in the complexities of 
retinal anatomical structure. How successful this 
effort has been it is impossible for the reviewer to say 
for the writing is most obscure. Beyond any doubt, 
however, the author has added many details to our 
knowledge of the arborization and synapses of the 
retinal neurones. 

What makes the writing so obscure is the effortful 
and highly unsuccessful attempt of the author to be 
rigorously critical in his analysis. The ^^ands, ifs and 
buts” are piled many stories high, but little distinction 
made between those reservations that are solidly based 
and those that are merely frivolous hair splitting. 
Furthermore, the author fails to apply any critique to 
the interpretation of the histological pictures that he 
describes. In the histological technique used, the 
tissue is killed, some components are precipitated out 
of its colloidal jelly, others extracted. Upon surfaces 
which persist or develop through these treatments 
metal ion films are deposited. The deposition is deter> 
mined by surface electrical forces which, to say the 
least, are not identical with those present in the living 
tissue. These metallic deposits, made visible by 
reducing the metal ions to the free metal, are examined 
in histological sections. What the author sees he calls 
cells, axones, dendrites, synapses, etc. What he 
actually sees is not tissue components at all but a 
system of artefacts related in varying ways to structural 
components of the tissue. This is not to be taken as 
implying that histological study is meaningless. On 
the contrary, the point is that histological data have an 
indirect and variable relation to tissue structure and 
critical analysis should give different weight to different 
aspects of the histological picture. Moreover, the 
author assumes that because certain cell processes 
appear axon-like while others appear dendrite-like, 
he can conclude that in the living state nerve impulses 
travelled away from the cell body in the former, 
toward the cell body in the latter. Uncritical assump- 
tions of this type lie at the basis of much work in the 
field of cellular neurohistology and the author might 
well be pardoned for omitting a discussion of limita- 
tions in this field if he were in fact merely presenting a 
histological study. Such omissions cannot be con- 
doned, however, in a serious attempt to relate structure 
to function. 

In addition to its histological portion, the book 
contains 130 pages of bibliographical titles which should 
be extremely valuable to students in this field. There 


is also an extensive section on the history of physiolog- 
ical optics which contains many items not readily 
accessible elsewhere. 



A Manual of Embryology. The Development of the 
Human Body. Second Edition. 

By J. Ernest Frazer. WUliams and Wilkins Com* 

pany, Baltimore. $9.00. 9J x 6i; x + 523; 1941. 
The stated aim of the author is to provide a connected 
mental picture of the development of the human em- 
bryo. The book's outstanding feature is the applica- 
tion of the regional method so widely used in gross 
anatomy to a description of embryonic development. 
The relation of the developing parts to one another and 
to the whole organism is clearly explained throughout 
the various transformations. The description is 
fairly generalized so that the main outlines are not 
obscured by masses of detailed information. The 
text is illustrated with numerous well-chosen sections, 
reconstructions, and diagrams. Changes include such 
matters as rearrangement and addition of figures, with 
corresponding revision of the text, and the occasional 
introduction of new material, as in the case of the foetal 
circulation. 

The book is divided into two parts. The first sec- 
tion deals with the early generalized stages of develop- 
ment, covering such topics as nmturation, fertilization, 
segmentation, implantation, and formation of the 
embryo, with the establishment of the principal organs 
and systems. The embryonic membranes and placen- 
tal circulation are described, and the general aspects of 
growth and differentiation are considered. The second 
portion deals with organogenesis, and the history of 
specific regions and systems. An index is appended, 
but no bibliography, references being included in the 
text itself. 

This book should be a valuable source of reference 
for anatomists, advanced medical students and teach- 
ers of embryology. The treatment does not seem 
appropriate for use as an introductory text. 



Hearing and Equilibrium. 

By H. Macnaughton- Jones. The Williams and 
Wilkins Company, Baltimore. $2.50; Sf x 51; vii 4* 
128; 1940. 

After two centuries of fairly intensive research by 
anatomists, physiologists, physicists, and otologists in 
general, the mechanism of hearing has yet to be satis- 
factorily clarified. As all know, the main difficulty 
arises from the smallness of the hearing organ and the 
remarkable complexity of its structure. To avoid this 
difficulty the author has proceeded to an investigation 
by constructing simplified models of parts of the 
auditory apparatus and on the basis of the models he 
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86^ to explain some of the characteristics of the 
phenomenon of hearing. The models are certainly 
ingenious and a thorough familiarity with acoustics is 
shown by the author. Unfortunately, the results 
reported here cover only small and uncoordinated 
details of the hearing mechanism and the problem of 
equilibrium is hardly touched at all. With respect to 
hearing the author features particularly the transmis* 
sion of the sound wave to the internal ear. In his 
opinion he demonstrates that the sound wave passes 
through the pars flacdda of the tympanic membrane 
to the middle ear and then into the cochlea by means 
of the round window. This h 3 rpothesis, advanced by 
others years ago, cannot be fully accepted until an 
explanation of pertinent pathological and experimental 
observations on man and other animals can be found, 
for example, the hearing improvement produced by 
immobilizing the round window, or the hearing loss due 
only to interference with the ossicular chain. It may 
be that the author has developed the correct methodo- 
logical approach to the problem but before his results 
acquire significance they must be integrated with the 
knowledge already at hand about the phenomenon 
studied. 



Laboratory Manual in Anatomy and Physiology. 

By Caroline E. Slack pole and Lutie C. LeavelL The 

Macmillan Company^ New York. $1.50. 11 x 8J; 

214; 1941 (paper). 

This well-organized manual was prepared primarily for 
use in conjunction with Kimber, Gray and Stackp)ole’s 
Textbook of Anatomy and Physiology, but the exercises 
are of such a general nature that they can be profitably 
used with any standard text. The materials are 
organized around five very broad and logical topics; 
(1) physiological and anatomical organization and 
integration; (2) correlation and coordination of external 
activities; (3) correlation and coordination of internal 
activities; (4) adaptive responses and the special 
senses; and (5) reproduction and embryology. Space 
for student drawings, notes, and comments is included. 

Where human material is impractical for dissection 
and observation, wise use is made of several other 
vertebrates, notably the frog and the rat. Although 
some attempt has been made to present the subject 
from a comparative point of view, this aim has largely 
been sacrificed to detailed instruction for dissection. 
The authors’ evasion of references to human material 
in the section on reproduction and embryology is 
sufficient reason for suggesting that the title “Exercises 
concerned with human reproduction and embryology” 
should read “Exercises concerned wit^ vertebrate 
reproduction and embryology.” 

The work is outlined in a detailed table of contents, 
and carries an appendix listing methods for preparing 
various laboratory materials and apparatus. 


PHYSIOLOGY AND PATHOLOGY 

Immunization to Typhoid Fever. Results Obtained 
in the Prevention of Typhoid Fever in the United States 
Army, United States Navy, and Civilian Conservation 
Corps, by the Use of Vaccines: Influence of Antigenic 
Structure and Other Biological Characters of E. typhosa 
on the Production of Protective Antibodies in the Blood 
of Immunized Individuals: Increases in Protective Anti- 
bodies in the Blood Following the Use of a Single Small 
Dose of Vaccine for Reimmunization Purposes as Com- 
pared with the Use of Three Doses. The American 
Journal of Hygiene Monographic Series, Number 17, 
September, 1941. 

From the Research Laboratories of the Army Medical 

School, Washington, D. C. The Johns Hopkins 

Press, Baltimore. $2.50. 9 x Sf; xi -f- 276; 1941. 
It is the purpose of this excellent monograph to report 
in detail a somewhat extensive series of experimental 
investigations participated in by members of the 
technical staff of the Medical Department Professional 
Service Schools, U. S. Army, during the period of 
1934-1940, with resp)ect to certain antigenic and im- 
munizing properties of selected strains of E. typhosa. 
These investigations were undertaken with the primary 
objective of determining whether it might be practicable 
to still further enhance the protective properties of the 
typhoid vaccine distributed to the Army and also to 
discover whether or not the generally accepted hypoth- 
eses concerning some of the elements of the immune 
process might be applicable to the problem of immunity 
to typhoid fever. The textual material is presented in 
sections, as follows: Introduction, Historical review of 
the use of typhoid vaccine in the Arm>;, Navy, and 
Civilian Conservation Corps, Experimental investiga- 
tions undertaken, Antigenic characteristics of strains of 
E. typhosa, Relative protective potency of vaccines 
prepared with virulent and with avirulent strains of 
E. typhosa, Duration of immunity subsequent to im- 
mimization with typhoid vaccine, revaccination, and 
miscellaneous experimental observations. The appen- 
dix contains a wealth of descriptive and tabular 
information concerning techniques, standards, controls, 
protocols, and bacterial strains used in the experimental 
procedures upon which the report is based. The book 
contains a bibliography, but no index. The publication 
of this report has been awaited with interest and the 
results of the study made by the Army should have 
an important bearing on present and future attitudes 
toward the general problem of immunity and the 
specific problem of immunity to typhoid fever. 



Approved Laboratory Technic; Clinical Pathological, 
Bacteriological, Mycological, Parasitological, Serological, 
Biochemical and Histological. Third Edition. 
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By John A, Kolmer and Fred Boemer and CoUaho- 
rotors. D. Appleton-Century Company ^ New York 
and London. $8.00. 9f x 6J; xxvii -f 921; 1941. 
Little that is written here could add to or detract 
from the merits of this widely-accepted and well- 
established volume of approved laboratory procedures 
which has already enjoyed three editions within a ten- 
year period. Here, within the covers of a single book, 
are found complete, authentic and detailed clinical, 
pathological, bacteriological, mycological, parasito- 
logical, serological, and biochemical methods and 
techniques. The authors have succeeded throughout 
in striking a proper balance in the amount of detail 
given to fulfill the needs of the laboratory technician 
without being burdensome to the expert. Throughout 
the book an emphasis has been placed on the impor- 
tance of using accurate and reliable apparatus and 
reagents. Special stress is also placed on quantitative 
tests and reactions, and in qualitative tests an effort 
is made to suggest a uniform terminology and methods 
for reporting reactions. Among the many new and 
approved methods included in this edition (all of which 
have been placed in the appendix), may be men- 
tioned (^ck’s methods for the quantitative deter- 
mination of prothrombin and for the estimation of 
hippuric acid in the urine, Sparkman’s method for the 
determination of urobilinogen in the urine and feces, 
the simplified Kolmer complement fixation test for 
syphilis and the Eagle modification of the Wassermann 
test, methods for the determination of vitamin C in 
urine and plasma, and methods for the determination 
of sulfanilamide and other sulfonamide compounds in 
the blood and urine. A number of distinguished and 
experienced authorities are listed as collaborators in 
the preparation of the book. References are given 
at the end of some of the chapters, but usually as foot- 
notes. The book is appropriately illustrated with 
numerous photographs, line drawings, tables, charts, 
and color plates. A complete index has been provided. 
This book is enthusiastically recommended to medical 
students, physicians, teachers, clinical pathologists 
and laboratory technicians, to all of whom it should 
prove invaluable. 



Behind the Mask of Medicine. 

By MUes Atkinson. Charles Scribner's Sons, New 

York. $3.00. 9ix6i;xiv + 348; 1941. 

In the words of the author this book is about ‘^Medicine 
in its broadest aspects, about its influence on the rise 
and fall of dvilizationys as well as about its influence 
upon the lives and deaths of citizens.” The first 
d^pter discusses epidemics as they have affected the 
course of history. The second chapter is a brief 
history of the medical arts and sciences of '^the Amazing 
Century: 1840-1940.” In Atkinson’s opinion the 
Medical World, like the industrial since the Industrial 


Revolution, ''is still bewildered by this new-found 
knowledge which has come so quickly that as yet it has 
not been properly digested.” The author has a sense 
of humor and the happy faculty of seeing the viewpoint 
of the doctor and the viewpoint of the patient, and he 
uses this understanding in the subsequent cha]}ters. 
These deal with diagnosis and history- taking; prog- 
nosis, which includes a sane discussion of euthanasia; 
clinical medicine, excesses in surgery, the overgrowth of 
specialism; ethical and unethical practice; the plight 
of the hospitals, and socialized medicine. Among the 
specific problems discussed are the amount and kind of 
explanation the doctor should give the patient with 
reference to his diagnosis; the ”know-it-all” type of 
patient and the taciturn “you-tell-me” patient; the 
relative advantages of large and small hospitals; and 
when the removal of the appendix ^r tonsils may be 
harmful. The final chapter on “The Future” closes 
with the sentences: 

This one [civilization] appears to have had its day and 
to be bent only on its own destruction. ... At least 
we can comfort ourselves with the knowledge that, if 
our present civilization is to die, it has made gr^t 
strides in the six hundred years of its being, and will 
hand on to the next a tradition of scholarship worthy 
of that which Greece and Rome bequeathed to it. 
And medicine will go on. The sick still have to be 
tended though the days are dark. Medicine may even 
prove to be the link that will join the old age to the 
new. 



Communicable Disease Control. A Volume for 
the Health Officer and Public Health Nurse. 

By Gaylord W. Anderson and Margaret G. Arnstein. 

The Macmillan Company, New York. $4.25. 9J x 

6i; X -h 434; 1941. 

Communicable disease control presents two rather 
distinct problems — protection of the individual and 
protection of the community. This volume is written 
principally from the standpoint of the community. 
While personal protection has not been neglected, 
emphasis has been placed on those procedures which are 
designed to protect the population as a group rather 
than merely the individual. The authors have kept 
in mind the problems that confront the health depart- 
ments, the schools, the visiting nurse associations, and 
other conununity agencies. An attempt has been 
made to evaluate the various control measures as to 
their relative effectiveness and to outline programs that 
will yield the greatest return in terms of necessary 
expenditure. The discussion of control measures is 
limited to those that are applicable under the conditions 
which confrc^t the health department, and no effort 
has been made to consider details or techniques in- 
cluded in hospital care. In the first part of the book* 
such subjects as the historical considerations, control 
measures, administrative agencies, the idle of the public 
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liealth nurse, and the legal basis of communicable 
disease control, are considered. In the second part, 
the prevention and treatment of the individual im- 
portant communicable diseases are discussed in detail. 
A list of suggested readings is placed at the end of each 
chapter. The graphs and tabular material add to the 
value of the volume. There is a complete index. This 
authentic, complete and engagingly-written book 
should be of considerable value to schools, health 
departments and other public health agencies for whom 
it is designed. 



Diseases of the Blood and AUas of Hematology: With 
Clinical and Hematologic Descriptions of the Blood Dis~ 
eases Including a Section on Technic and Terminology, 
Second Edition, Revised and Enlarged, 

By Roy R, Kracke. J, B, Lippincott Company, 

Philadelphia and London, $15.00. lOJ x 7; xxiv -f- 

692; 1941. 

During the four years since the hrst appearance of this 
now indispensable Atlas much new material has accu- 
mulated which it has been necessary to incorporate 
within its pages. The revision and extension includes 
new material on fractionation of liver extract, a new 
chapter on hemolytic anemias, a new chapter on 
hemoglobinuria, new material on the action of drugs on 
the blood, a new section on hemoglobin and its deriva- 
tives as well as the porphyrin com(>ounds, and recent 
work on bone marrow. The sections on blood trans- 
fusion, the operation of a blood bank, and the use of 
blood plasma have been treated in a comprehensive 
manner. The revision also includes matter which was 
omitted from the first volume concerning osteosclerotic 
anemia, achrestic anemia, ovalocytosis, Hodgkin’s 
disease, and histoplasmosis. A complete section is 
devoted to vitamin K. In the chapter on the treat- 
ment of leukemia recent advances in the use of radiation 
and radioactive isotopes have been included. The 
last section (84 pages) is devoted to hematologic tech- 
nique. 

The bibliographies (at the end of each chapter) have 
been brought completely up to date and new illustra- 
tions have been added. There are now 54 colored 
plates in the volume, and 46 other figures. The index 
has received the same careful treatment in its revision 
as has the textual matter. 



History of Pharmacy. A Guide and a Survey, 

By Edward Kremers and George Urdang, J, B, 
Lippincott Company, Philadelphia, London, and 
Montreal. $4.50. 9 x 6; ix + 466; 1940. 

The history of pharmacy is really the history of the 
human race, for in no other phase of human endeavor do 
we get a clearer picture of man’s ingenuity pitted 


against the challenge of race extinction than in the 
development of the art of healing. There has been a 
real need for a history of pharmacy which would go 
beyond the mere listing of chronological happenings, 
and present the subject in a truly integrated fashion. 
This volume amply fulfils the need. The wealth of 
material, well organized and completely presented, 
testifies to the enormous amount of painstaking labor 
involved in the preparation of the book. The essential 
facts pertinent to the history of the preparation and use 
of pharmaceuticals from the days of ancient civiliza- 
tions, through the dark ages and the renaissance, down 
to the present day are set forth in concise scientific 
language and in an authoritative manner. The mutual 
relationships of pharmacy to medicine, education, 
industry, and the evolution of society in general are 
treated in detail. Special note is made of the develop- 
ment of pharmacy in several countries, particularly 
Italy, (Germany, and the United States, while the 
growth of pharmaceutical schools and societies in this 
country, and the present tendencies toward uniformity 
in requirements, professional education, and state 
board examinations are given special attention. 

With an eye toward the possible pedagogic use of the 
text, the authors have included a bibliography for each 
chapter, a chronology of pharmacy, a lengthy glossary, 
and a complete index. 



Vitamin K. 

By Hugh R, Butt and Albert M, Snell, W, B. Saun- 
ders and Company, PkUadelpkia and London, $3.50. 

8i X 5i; X -f 172; 1941. 

This little volume should be heartily welcomed by 
physicians and investigators alike, because it presents 
the pertinent data in relation to one of the most newly- 
discovered and most important of the vitamins. The 
authors here set forth in a most acceptable fashion the 
histor>^ of vitamin K, the essential facts with respect 
to its chemistry and physiologic activity, and such 
data concerning its clinical use as experience to date has 
proved expedient. The first part of the discussion is 
concerned with general information, i.e. the discovery, 
distribution, methods of preparation and of assay, 
chemical aspects, and properties of the anti-hemorrhagic 
vitamin. Then follow, in order, sections on the coag- 
ulability of the blood, products which exhibit vitamin 
K activity, the hemorrhagic diathesis of patients having 
jaundice, biliaiy^ fistula, or hepatic damage, of those 
patients with certain intestinal disorders, of the new- 
born infant, and finally, the hemorrhagic diatheses not 
related to deficiency of prothrombin. The book is 
illustrated with numerous graphs and tables. A list 
of 350 important references is given at the end of the 
volume, and there are complete bibliographic and sub- 
ject indices available. While intended primarily for 
the physician and the seasoned investigator, this mono- 
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graph is a notable contribution to our generally acces- 
sible literature on the all-important vitamins, and 
consequently should be well received in the scientific 
field. 



Tbs Medical Aspect of Boxing. 

By Ernst Jokl, J, L, Van Schaik, Ltd. Pretoria. 

178. fid. 8i X Si; 251; 1941 (paper). 

It is the author’s contention that boxing is a dangerous 
and, therefore, an undesirable form of physical educa- 
tion. To prove his point he here presents a collection 
of published case reports, observations and anecdotes 
dealing with boxing injuries, slight, permanent, or fatal. 
Hie physiologic and pathologic changes associated 
with the various traumae are enumerated and briefly 
discussed. It appears that lesions of the brain and 
nervous S 3 rstem are the most frequent, and particularly 
to be feared since the effects are not immediately mani- 
fest. The author realises that any attempt to abolish 
badng, even if the attempt were limited to schools and 
colleges, would meet with widespread opposition. 
Hence, he suggests at least more adequate rules regard- 
ing ring covering and ropes and the medical supervision 
of the boxers. Such precautions would still not elimi- 
nate the dangers of boxing since *^the typical accidents 

are inherent to the sport as such ” Although one 

is impressed by the list of cases described they do not 
constitute definitive evidence to support the author’s 
main plea. However, on the basis of the evidence 
given the whole subject certainly deserves a serious 
and thorough investigation. 

The Vitamin Content of Meat. 

By Harry A. Waisman and C. A. Elvehjem. Burgess 

PubUsking Company, Minneapolis. |3.00. 10} x 

8}; ii + 210; 1941 (paper). 

The aim of this timely, well-written and thoroughly 
documented book is to summarize the available in- 
formation on the nutritive value of meat and meat prod- 
ucts. The authors have reviewed the literature in a 
critical manner and only those results which appear to 
be most reliable have been included here. Individual 
chapters are devoted to the more important nutrients 
and each of the known vitamins comes in for authorita- 
tive analysis and discussion. Suflicient ftmdamental 
information is supplied in each case so that the value of 
meat in meeting the requirements of these nutrients 
can be consider^ in light of the most recent develop- 
ments. The daily requirements listed for the in- 
dividual vitamins and minerals are based on the values 
recently released by the Committee on Food and 
Nutritioci of the National Research Coimcil. Chap- 
ters fin the preparation of the samples used and on the 
firqximate anal 3 r 8 is of the animal tissues have been 


includ^. A summary chapter is given which presents 
the general values for the vitamin content of the most 
important forms of meat products. Appended to each 
chapter is an extensive list of the literature dted. 
There is no index. This volume is recommended for 
its wealth of authentic and useful information on a 
subject of considerable general interest. 

The ADVANaNG Front of Medicine. 

By George W. Gray. WkitUesey House, McGrauh 

HiU Book Company, New York and London. $3.00. 

9 X fi; viii + 425; 1941. 

This book is appropriately named. It is not concerned 
with the development of medical theory, but consists 
almost exclusively of a discussion of such phases of 
modem medicine as immunities, vitamins, allergies, 
blood pressure, haemophilia, influenza, sulfanilamide, 
pain, narcotics, cancer, and senescence. The reader 
who takes up the volume is not likely to put it down 
until he has finished it, and then it is probable that he 
will feel that all those questions that have been accumu- 
lating in the back of his mind have been adequately 
answered. 

The thoroughness with which the author has covered 
his field is evidenced by the number of medical author- 
ities whom he consulted and to whom he acknowledges 
his gratitude; the list of names covers more than four 
pages. There is also an extensive catalog of recom- 
mended reading and seventeen pages of index. 

In one instance the author is guilty of a misstate- 
ment — this is when he states that George Fox was an 
epileptic. Fox was inclined to hysteria, and on one 
occasion suffered from an attack of hysterical blindness 
that lasted several days, but his biographers are agreed 
that he was not a victim of epilepsy in any sense. But 
this is a mere detail which does not detract from the 
value or interest of the book. 



Endocrinological Studies in the Blue Whale 
(Balaenoptera musculus L.). Hvalradets Skrifter, 
Scientific Results of Marine Biological Research, No. 24. 

By Alf P. Jacobsen. Jacob Dybwad, Oslo. Kr. 

8.00. 10} X 7; 84 •+• 8 plates; 1941 (paper). 

The endocrinology of the cetaceans is an entirely virgin 
field of investigation, hence the present studies on the 
blue whale are a noteworthy contribution. The data 
herein presented were collected over a period of six 
years, during which time the author travelled as surgeon 
with a floating factory in the whaling areas of the 
antarctic. The investigation includes discussions on 
the gross and microscopic anatomy of the pituitary, 
thyroid, pancreas, adrenals, ovaries, and testes of the 
blue whale. A sufficient number of measurements and 
weights of tlie various organs is given to arrive at a 
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fairly definite idea as to their size. The investigation 
is concerned further with the preparation of various 
pure hormone extracts from the whale endocrines, 
and a study of their biological potency as compared 
with those from other animals. The fact that the 
whale endocrines were found to be quantitatively and 
qualitatively equal to the corresponding glands from 
cattle is ample reason for believing, as the author does, 
that the blue whale represents an enormous potential 
source of numerous important pharmaceuticals. 

The monograph lists a bibliography of 101 titles, 
and carries a detailed table of contents. Numerous 
graphs, charts, tables, and photographic plates are 
presented in support of the textual material. 



The Microbe’s Challenge. 

By Frederick Eberson. The Jaques CaUell Press, 

Lancaster, Pa. $3.50. 10 x 7; viii -f- 354; 1941. 
Bacteriology as a science is not a subject dealing with 
static or fixed organisms following a uniform pattern 
of existence. Because of the recognition of this fact 
many important modem discoveries have been made. 
In like recognition of this fact, the dominant theme of 
this book b microbe versus man. In the same sense, 
it is the challenge of the microbe. The purpose in- 
tended is to narrate some of the highlights in the his- 
tory of preventive medicine and to bring together in a 
logical form the fundamental principles upon which the 
modern bacteriological control of infectious diseases 
is based. Wherever possible, attempts have been 
made to clarify further the meaning of some technical 
terms by the use of word pictures or analogies. The 
author tells his story simply, honestly, and effectively. 
He believes that we have only just begun our battle 
with microbes, and his thesis seems to be that microbes 
are highly adaptable living things and that their adapta- 
tions, like those of other living things, tend toward 
their survival. Many of us do not realize how effec- 
tively microbes resist destruction. Particularly in- 
teresting are the author’s discussions of the changeable 
characters of microbes, the startling discoveries regard- 
ing their chemistry, and the analysis of what constitutes 
their life and death. There is a short glossary, a list 
of suggested readings, and an index. Scientific 
specialists and intelligent layman alike will find the 
book fascinating and challenging — a thoroughly 
8 atisf 3 dng piece of reporting. 



Microbes Which Help or Destroy Us. 

By Paul W. AUen, D. Frank HoUman, and Louise 
Alien McBee, C. V. Mosby Company, St. Louis, 
Mo. $3.50. 8i X 5J; 540 + 13 plates; 1941. 

The stem necessities of life sooner or later lead us all 
by the route of cruel experience to understand that 


microbes have major rdles to play in the production of 
health, homes, food, clothes, fuel, and defense. In 
living, we must make use of, and defend ourselves 
against, many powerful agencies, and a solid knowl- 
edge of microbes is necessary if we are to avoid disease, 
htmger, exposure and oppression. This book, then, 
may be considered as the product of the average lay- 
man’s need of becoming ’^microbe conscious.” The 
authors have compiled here an amazing amount of in- 
formation about man and his microbe friends and 
enemies. Some of the more interesting chapters have 
to do with the age of superstition, making the world 
microbe conscious, surgeons and microbes, the struggle 
against diphtheria, virus diseases, appendicitis, food 
poisoning, food preservation, friendly microbes, infec- 
tions and sanitation on fur farms, and the bacterio- 
phage. In addition, each of the common diseases 
caused by bacteria or viruses is discussed in detail. 
The illustrations, especially the series of 13 colored 
plates, are particularly well chosen. A carefully 
selected bibliogniphy is appended to the book and an 
index has been provided. All in all, this interesting 
presentation of bacteriologic information should have 
a wide appeal to the general reader. 



Handbook or Communicable Diseases. 

By Franklin H. Top and Collaborators. The C. V. 

Mosby Company, St. Louis. $7.50. 9x6; 682; 

1941. 

This complete, authoritative and well-written book is 
intended as a text or handy reference for all persons 
whose professional duties necessitate contact with cer- 
tain communicable diseases or infestations. An at- 
tempt has been made to present the material in as 
concise and handy a manner as possible. The chapters 
on pneumococcic pneumonia, tuberculosis, syphilis, 
and gonorrhea are somewhat longer than would be 
anticipated in a handbook, but the paramount impor- 
tance of these diseases from both a curative and a 
preventive standpoint would seem to justify the addi- 
tional space accorded them. The various diseases 
discussed have been classified by common portal of 
entry, a method which is unusual but one that should 
prove helpful. Under the respiratory portal of entry, 
the diseases have been further classified alphabetically 
into those caused by bacteria and those caused by 
viruses. Two chapters of unusual interest are con- 
cerned with the management of communicable diseases 
in the home and in the hospital. The book is illus- 
trated with excellent clinical photographs and a series 
of ten color plates. A list of helpful references for 
further reading is appended to each chapter in the 
book. The appendix provides in tabular form much 
valuable data on associated conditions and complica- 
tions and differential diagnosis. A glossary and a com- 
plete index conclude the volume. 
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Annual Report por the Year 1940: Division op 
Tuberculosis Control. The Bulletin of the British 
Columbia Board of Health, Volume 11, Appendix No. 
1, 1941. 

By W, H. Hatfield. Provincial Board of Health, 

Victoria, B. C. 10} x 8f; 166; 1941 (paper). 

This dociunent includes descriptive, statistical and 
pictorial presentations of the work being done in the 
fight against tuberculosis in this particular province 
of Canada. The introduction discusses such matters 
as case finding, treatment, follow-up work, rehabilita- 
tion, finances, health education, and the work with the 
Indians in the province. Then follow sections dealing 
with the district nursing program, social service, 
travelling clinics, and the Vancouver, Tranquille and 
Victorian imits. The statistical pK)rtion of the report 
presents an extensive series of tables and charts con- 
cerning the institutional admissions and discharges, 
dinics, new cases examined, notifications of tubercu- 
losis, and the comparative analysis of case status. 
There is a list of maps showing the incidence, distribu- 
tion and mortality rates of tuberculosis in the province, 
and the report concludes with a special series of charts 
graphically illustrating the number of pneumothorax 
treatments, new and old cases examined by all clinics, 
x-ray examinations, the percentage distribution by age 
groups, the racial distribution, the total deaths from 
tuberculosis, and much other pertinent information. 
The volume is not indexed. 



The Value op Health to a City. Two Lectures De- 
livered in 1873 by Max Von Pettenkofer. Reprinted 
from Bulletin of the History of Medicine, Vol. X. Nos. 
3 and 4, 1941, 

Translated from the German, with an Introduction by 

Henry E. Sigerist. The Johns Hopkins Press, Balti- 
more. $1.00. 10} X 6}; 52; 1941. 

As many public health administrators have from time 
to time realized there is apparently only one way be- 
sides an epidemic to move commimities and countries 
to expend funds on preventive health measures. It 
is to point out, step by step, how such measures will 
eventually bring about financial returns in terms of 
more man-hours of work, and less sickness com- 
pensation, welfare aid, etc. In these two lectures 
delivered about 70 years ago at Munich Pettenkofer 
followed just this line of reasoning in pleading par- 
ticularly for an adeqtiate water supply system. He 
further bolstered his argument with an appeal to dvic 
pride by emphasizing the lower mortality of London 
(which by that time had its water supply) in com- 
parison with that of Munich. The author’s cogent 
reasoning is valid to-day as it was then but otherwise 
these lectures cannot be considered as outstanding 
examples of Pettenkofer’s contributions to medical 
science. As a matter of fact, Sigerist’s introduction 


which indudes a sketch of Pettenkofer is much more 
interesting reading. 



Essentials op Endocrinology. 

By Arthur GroUman. J. B. Lippincott Company, 

Philadelphia and London. $6.(X). 9 x 6; xiv -f- 480; 

1941. 

In this book a critical evaluation of all important 
aspects of the subject of endocrinology is attempted. 
Following a brief, initial chapter in which a basic 
survey of the field is made, the material is presented 
in five parts. In Part I, Endocrine glands of the 
cranial cavity, the bulk of the discussion is de- 
voted to the hypophysis in its anatomical, physio- 
logical, pharmacological and pathological aspects. 
There is a brief discussion of the plheal gland. Part 
II, The branchiogenic organs, is devoted to the thy- 
roid, the parathyroids and the thymus. In Part III, 
The endocrine organs of the abdominal cavity, the 
islet tissues of the pancreas and the adrenal glands are 
discussed. Part IV, The hormones of the reproduc- 
tive Systems, includes a lucid and thorough presenta- 
tion of this complicated field. In Part V, The hor- 
mones derived from the nonendocrine organs, a brief 
survey is made of current knowledge of hormones of 
the gastro-intestinal tract and other presumptive hor- 
mones (cardiac, liver extract, renal extract, heparin, 
etc.). Lists of pertinent references are appended to 
each chapter and there is an index. The book is illus- 
trated with 74 figures. 



A History of Medical Psychology. 

By Gregory Zilboorg in Collaboration with George W. 

Henry. W. W. Norton and Company, New York. 

$5.00. 9} X 6; 606; 1941. 

This excellent history of medical psychology is the 
result of a sixteen-year period of collecting and digest- 
ing basic and illuminating data. The material is 
presented throughout in the context of the social and 
ideological culture characteristic of the various periods 
described. Crucial advancements are high-lighted, 
so that the book is not merely a catalog of contributors 
and their contributions, but an intelligibly molded 
formulation of the dynamic forces which have cul- 
minated in the present-day concepts dominating this 
important field of human thought. There are fourteen 
chapters in all. The first twelve, written by Zilboorg, 
present a survey of medical psychology from primitive 
to modern times. The last two chapters, by Henry, 
are concerned with a brief account of the history of 
the differentiation of organic from functional mental 
disorders and with the transformation of asylums into 
hospitals. References are given in footnotes and there 
is a well-planned index. 
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BIOCHEMISTRY 

Chromatographic Adsorption Analysis. 

By Harold H, SUrain, Interscience Publishers, Inc,, 

New York, $3.75 9 x 6; x + 222; 1942 
Many important advances in the natural sciences have 
depended upon the detection and isolation of specific, 
homogeneous chemical compounds. Chromatographic 
adsorption analysis is the separation of compounds 
with the use of selective adsorption. This powerful 
tool of analytical and synthetic research has remained 
much of a mystery to many because of the lack of a 
simple approach to the subject, which this book now 
affords. The importance for the biochemist of gentle 
methods of analysis and separation such as chromato- 
graphic adsorption analysis, electrophoresis, and ultra- 
centrifugation which might be used on the labile com- 
pounds with which he works cannot be over em- 
phasized. 

Here is a simplified explanation of the theory, a very 
suggestive presentation of the many uses of the method 
for structural, inorganic and organic chemists, a first 
hand account of the careful techniques (including 
simplified illustrations of apparatus, formulae, and 
tables) and a very large bibliography (40 pages), all 
of which combine to make this an important handbook 
for workers in research and industry alike. 



SEX 


Woman’s Personal Hygiene; Modern Methods 
and Appliances. 

By Leona W. Chalmers. Foreword by Winfield 
Scott Pugh, Drawings by Alfred Feinberg. Pioneer 
Publications, Inc., New York. $2.00. 8 x 5}; xii 
+ 192; 1941. 

After a brief description of the anatomy of the female 
organs associated with reproduction the author pro- 
ceeds with her discussion of “intimate domestic hy- 
giene.” Included are such subjects as menstrual 
pain, leucorrhea, social diseases, vaginal hygiene, plas- 
tic surgery, etc. The specific value of the book lies 
in the intelligent descriptions of such procedures as 
enemas, vaginal douches, and postpartum and other 
exercises. The author is a physician’s wife who has 
devoted many years to the study of feminine hygiene. 
Her book is simply and clearly written with little use 
of technical language, except in some quotations from 
medical authorities which she used to add authoritative 
weight and to reassure the reader with regard to some 
of her statements. It is written for the laywoman and 
the attitude taken is one of common sense. 



BIOMETRY 

The Hearing of School Children. A Statistical 
Study of Audiometric and Clinical Records, Mono- 


graphs of the Society for Research in Child Development, 
Vol. VI, Serial No. 29, No. 3. 

By Antonio Ciocco and Carroll E. Palmer. Society 

for Research in Child Development, National Research 

Council, Washington, D. C. $1.00. 9 x 6; v -f 77; 

1941 (paper). 

A report of a detailed summary of the results of an in- 
vestigation which the U. S. Public Health Service has 
conducted on the hearing of Washington, D. C. school 
children over a 5-year period, beginning in 1931. Some 
of the findings have already been published but are 
herein included. The aims of the study were: 

First, to evaluate critically certain methods employed 
in studies of deafness in children. Second, to deter- 
mine the degree of hearing impairment and the clinical 
and other factors associated with it. Third, to formu- 
late a program which, it is hoped, will permit a con- 
clusive contribution toward the solution of the prob- 
lem of prevention of deafness. 

Very nearly 14,(XX) children were examined with a 
Western Electric 4-A (phonograph) audiometer and 
over 1,4(X) children received a hearing test with a West- 
ern Electric 2-A (pure-tone) audiometer. About one 
half of the children in the latter group were examined 
twice, and over a third received three tests. Although 
the phonograph audiometer is satisfactory under 
laboratory conditions the results of the tests in the 
school environment seem to indicate that effort should 
be directed towards improving the instrument and 
methods of testing before the most satisfactory results 
can be obtained if a program aimed at the prevention 
of deafness in children is to be developed in the schools. 
During the 5-year period “fully 30 per cent of the ears 
with only a slight high tone loss and 25 per cent of ears 
with slight loss of tones of the conversational range 
deteriorated sufficiently to acquire a marked degree of 
the respective imf>airment.” The rate of development 
of decreased perception for the tones of sp>eech is 
greater in the younger than in the older children. In 
this type of impairment, in almost one half of tha ears 
there was also present an overt and marked alteration 
of the otoscopic app)earance of the tympanic membrane. 
The study points to the importance of therapeutic 
care as well as the prevention of middle ear infection. 
Tables and graphs exhibiting the results of the tests, 
form blanks, and a bibliograp)hy of 66 titles are in- 
cluded in the report. 



Statistical Methods for Research Workers. 
Eighth Edition, Revised and Enlarged. 

By R. A. Fisher. Oliver and Boydt Edinburgh and 
London. 16s. Sf x 5J; xv 4- 344. 1941. 

With the eighth edition of this textbook, the form and 
contents seem to have become more or less stabilized. 
One notes very little revision or further expansion of 
the preceding edition (cf. Q. R. B., Vol. 14, p. 264). 
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The 16 years that have passed since the work first 
appeared have seen changes in the viewpoint and atti- 
tude of statisticians towards the methodologic develop- 
ments formulated by Fisher as well as to the contents 
<rf this work. With time and with the aid of texts 
published by others the confusion of ideas engendered 
in part by Fisher’s unique expository style has to some 
degree lessened. Although for the uninitiated this 
will always be a difficult book, the more advanced 
student of statistics is enabled to find in it a clearer 
outline of the objectives of the recent analytic tech- 
niques than in the many other texts which presum- 
ably are prepared for elementary courses on the subject. 



Family Expenditures in the United States. Statis- 
tical Tables and Appendixes, 

By the National Resources Planning Board. United 
States Government Printing O^e^ Washington, D. C. 
50 cents. 11| x 9J; xxi -h 209; 1941. 

This, the third in a series of reports prepared by the 
National Resources Planning Board on the basis of 
data from the 1935-36 Study of Consumer Purchases 

is the most detailed analysis yet made of family ex- 
penditures in the United States and includes a break- 
down of these expenditures into over 90 categories of 
outlay, together with comparative estimates indicating 
farm, rural nonfarm, and urban differences, regionid 
variations, and differences with respect to size of 
family, as between white and Negro families, and in 
relation to expenditures for durable goods. The sta- 
tistical results are shown in the present volume both 
in summary form and in a more detailed set of refer- 
ence tables. A description of the sources and methods 
used in the study is presented in an appendix. 

TftE Bulletin op Mathematical Biophysics. Vol- 
ume 4, Number 2, June, 1942. 

Edited by N. Rashevsky. U nioersity of Chicago Press, 
Chicago, 

This number contains the foUowing papers: A mathe- 
matical anal 3 rsis of elongation and constriction in cell 
division, by H. D. Landahl; A fimdamental form for the 
differential equation of colonial and organism growth, 
by Nathan W. Shock and Manuel F. Morales; A note 
on the diffusion of electrolytes in cells, by Alston S. 
Householder and Robert R. Williamson; Periodic 
phenomena in the interaction of two neurons, by George 
Sacher; A theory of electrical polarity in cells, by Rob- 
ert Williamson and Ingram Bloch; An alternate ap- 
proach to the mathematical biophysics of perception 
of combinations of musical tones, by N. Rashevsky* 



PSYCHOLOGY AND BEHAVIOR 

Selp-Dhperentiation op the Basic Patterns op 
COQRDIKATION. Comparative Psychology Monographs, 
VelusHe 17, Number 4, Serial Number 88. 


By Paul Weiss, The Williams and Wilkins Com^ 

pany, Baltimore, $2.00. 10 x 6t; 95; 1941 (paper). 
This paper is a contribution to the study of the prob- 
lem of the ontogeny of motor coordination. Its 
stated objective is **to present direct experimental 
proof that the basic patterns of coordination arise by 
self-differentiation within the nerve centers, prior to, 
and irrespective of actual experience in their use”. 
The experiments of the author which are analyzed with 
respect to their bearing on this matter, deal with the 
transplantation of limbs in amphibians. Weiss has 
previously shown that the transplantation of limbs in 
young amphibians, in such a way as to provide the 
transplant with motor innervation from a nerve branch 
of one of the normal host limbs, results, after transmis- 
sive connections have been established, in contraction 
of the muscles of the supernumerary limb concurrently 
with the contraction of the corresponding muscles of 
the normal limb. The phases of activity of a super- 
numerary muscle correspond precisely with those of 
the synonymous muscle of the host limb innervated 
from the same plexus. In the present work this ”ho- 
mologous response” of synonymous muscles or, as the 
author now proposes to call it, this “myotypic” re- 
sponse, has been utilized as an assay method. 

In larval salamanders possessing functional limbs the 
two fore limbs were exchanged with the original dorso- 
ventral orientation retained. Since the two limbs arc 
mirror images of each other, this operation amounts to 
replacing one limb by another which has the same as- 
sortment of muscles but in exactly the reverse arrange- 
ment. After reinnervation the action of these limbs 
was studied by means of slow-motion pictures; and 
“myochronograms” giving the details of the activity 
of each muscle were constructed. This study revealed 
that, in the transplanted limbs the muscular movements 
were such as to indicate that the nerve centers were 
calling the individual muscles into action in the same 
rhythm, sequence and intensity as they had done when 
they were still operating normal legs with unreversed 
musculature. In doing this, however, the peripheral 
effects were just the opposite to those which would 
serve the organism; instead of progression, they pro- 
duced regression. Nevertheless, this behavior was 
never altered by any adaptive change even though the 
animals were kept for long periods of time. 

Similar experiments done with amphibian larvae in 
which the limbs were transplanted before the onset of 
function led to similar results. Such limbs, from the 
very onset of motility, moved in reverse. This in- 
dicates that the basic coordination patterns revealed 
in the previous experiments are not only ingrained in 
the centers after they are developed, but that they are 
originally developed without any constructive influ- 
ence of experience. The centers develop and elaborate 
the patterns of coordination by pure self-differentiation. 
That sensory control pla 3 rs no constructive rdle in the 
development and maintenance cl these basic patterns 
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of motor coordination has been shown by further ex- 
periments dealing with de-afferentiation of limbs. 

Weiss concludes that the basic repertoire of primary 
motor patterns exhibited by these forms arises by self- 
differentiation within the central nervous system in- 
dependent of sensory control and guidance by experi- 
ence. These patterns when later projected into an 
anatomically normal peripheral effector system, pro- 
duce biologically adequate effects. If, however, they 
are confronted with an anatomically disarranged 
per4>hery they produce correspondingly distorted 
effects without signs of corrective adjustment. 

The experiments upon which these conclusions are 
based are presented with the utmost clarity and the 
results seem to be unequivocal. The author has been 
very careful to distinguish between the factual content 
of the experiments and any speculative hypotheses 
derived from them. This clear-cut distinction makes 
it easy to evaluate the evidence presented, quite apart 
from its theoretical implications. When this is done, 
it seems to this reviewer that the author’s fundamental 
conclusions concerning self-differentiation of the basic 
motor patterns are amply supported by the experi- 
mental results; are, in fact, almost inescapable. It 
must be emphasized, however, that the work applies 
specifically to the amphibia and that, as Weiss himself 
points out, the situation in higher vertebrates and par- 
ticularly in higher mammals forms quite a separate 
problem. Some work on mammals which does bear 
upon the problem of motor coordination is briefly re- 
viewed in this paper and Weiss believes that, despite 
the enormous number of acquired secondar>' patterns 
learned under the guidance of cortical activity which 
tends to obscure the old primary patterns in this group, 
here, too, such basic unlearned patterns do exist. 



The Psychology of Akistotle: An Analysis of the 
Living Being. 

By Clarence Shute. Columbia University Press, 

New York. $2.00. 8} x 5J; ix + 148; 1941. 

Some years ago H. G. Wells stated that in general one 
could learn more about the world’s great books by read- 
ing commentaries upon them than by reading the origi- 
nals. Without committing ourselves to the acceptance 
in toto of such a broad statement, we can yet realize 
that it seems applicable to Aristotle’s writings on psy- 
chology. This is partly because these were not inte- 
grated by the original author; they are scattered 
through five different documents. 

The compiler of the commentary, like most modem 
students, perceives clearly the relation between psy- 
chology and biology, and believes the appreciation of 
the former to involve some general knowledge of the 
latter. Therefore he has carefully sifted all the 
biological and metaphysical works of Aristotle in order 
to glean material which he may consider indispensible 


to an intelligent comprehension of that writer’s theories 
of the mental processes of man. 

The quotations, however, are only the foundations 
on which the author has erected his own superstmcture, 
which is a commentary on the development of human 
mentality, its resemblances and dissimilarities to that 
of the lower animals, the relation between mental and 
physiological activity, and finally the immortality of 
the soul. Whether Aristotle himself would have ap- 
proved of this procedure is irrelevant; The Stagerite 
was the product of his age, and his thought was con- 
ditioned by his environment. Notwithstanding that 
for twenty centuries he dominated all fields of human 
thought, he yet needs an interpreter to be understood 
by modern minds — or rather, modem minds need an 
interpreter to understand him — and this need is well 
supplied by the present book. The reader who has 
assimilated it will be the better qualified to read Aris- 
totle in the original for having done so. 

There is an index of eight pages and an appendix 
containing an Analytical Outline of the same length. 



Social Influences Affecting the Behavior of 
Young Children. Monographs of the Society for 
Research in Child Development, Vol. VI, Serial No, 
28, No. 2. 

By Ruth Pearson Koshuk. Society for Research in 

Child Development, National Research Council, 

Washington, D. C. $1.00. 9 x 6; iii -f 71; 1941 

(paper). 

In the present survey, which the author states b far 
from exhaustive, an effort has been made “to place in 
reasonable perspective the significant' research pub- 
lications since 1925 dealing specifically with the influ- 
ence of social factors, broadly defined, on the behavior 
of young children. A number of unpublished studies 
known to the writer are included.” The extensive 
literature concerning handicapped children b not in- 
cluded, nor are systematic psychologies, texts, and 
works of a popubr nature, with a few exceptions. The 
dbcussions of the literature are grouped under four 
main headings: A. Socbl influences ignored or mini- 
mized; B. Social influences recognized but deplored; 
C. Sodal influences recognized: Suggestions for re- 
search, basic concepts, and method; D. Studies relat- 
ing socbl influences to child behavior. Section D b 
broken down into ten categories, some of which we 
give, selected at random : Ecological studies and census- 
type surveys of social backgrounds; Comparison of 
behavior before and after marked environmental 
change; Mental growth careers and the predictive 
value of early tests; Experiments in social interaction: — 
observation under relatively controlled conditions; 
Longitudinal or genetic studies. 

In a summary the author gives her interpretation 
of the direction in which studies of child development 
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and behavior are moving as revealed by her analysis 
of the literatifte. The extent of the literature covered 
is indicated by the list of 525 titles given in the bibli- 
ography. There is no index. 



Psychogenic Factors in Bronchial Asthma. Pofts 
I and //. Poft /. Psychosomatic Medicine Monograph 
IV, Part II. Psychosomatic Medicine Monographs ^ 
, Volume II, Nos. I and II. 

By Thomas M. French and Franz Alexander and 
Collaborators. National Research Council, Washing- 
ton, D. C. 10} X 6}; Part I, 92: $2.00. Part II, 
236; $3.00 (paper). 

This Psychosomatic Medicine Monograph embodies the 
results of a four-year cooperative study by the research 
staff of the Chicago Institute for Psychoanalysis with 
the assistance of four physicians specializing in allergy, 
of both psychogenic and allergic factors, found in 
patients with asthma. The first chapter is devoted to 
a discussion of asthma from the point of view of the 
allergist, and the second and third to a review of the 
literature on psychogenic factors in asthma. The 
remainder of the monograph presents the findings in 
27 cases of asthma treated by psychoanalysis. The 
outstanding findings prominent in these cases may be 
summarized as follows: 1. The central emotional 
problem concerns separation from the mother. 2. 
There is a relation of asthma to suppressed crying for 
the mother. 3. The mothers of asthmatic children 
belong to the rejecting mother type. 4. Some mothers 
of asthma children show a marked pride in their chil- 
dren’s early independence. 5. Asthma attacks often 
appear in very early childhood. 6. The sexual im- 
pulse seems to be most significant in precipitating 
asthma attacks. 7. Allergic patients, after they suc- 
ceed in overcoming their emotional conflict about eman- 
cipation from the mother or her substitute, become 
more resistant against the allergens. Part II is de- 
voted to a detailed presentation of the cases, including 
the course of the analysis, on which this study is based. 
The entire study is thoughtfully carried out and the 
stimulating findings are discussed in a conservative 
way. There is a bibliography of 43 titles. 



Intelligence, Power and Personality. 

By George Crile. Whittlesey House, McGraw-HiU 
Book Company, New York and London. $3.00. 
9 X 6; vi + 347; 1941. 

In this book the author presents the results of a com- 
parative anatomical and physiological study of the 
energy-controlling system of man and animals, notably 
the todn, the heart and the blood, the thyroid gland, 
jthe adrenal glands, the celiac ganglia, and the sympa- 
thetk system. He postulates that variaticms in intel- 


ligence, power, and personality among the different 
species of animals and the races of man are determined 
by variations in the relationships of these organs to 
each other. In all, 3,734 animals, collected in the past 
ten years from all parts of the world, form the material 
of the study. The organs of each animal were weighed 
and weights relative to each other and to the total body 
weight computed. These data are presented in detail 
in tabular form in the appendix. The viewpoint 
throughout is mechanistic. The terms comprised in 
the title are used broadly and without any attempt at 
precise differentiation, ^intelligence”, for instance, 
being equated with relatively heavier brain weight, 
“power” with a relatively highly-developed S3anpa- 
thetic system, etc. The validity of the method which 
is used of comparing absolute organ weights of one 
animal of a species and one animal of another species, 
and drawing general conclusions as ^ the relative in- 
telligence, power, and personality endowment of the 
two species is questionable. Nevertheless, the amazing 
mass of unique information presented is absorbing. 
In Part IV, Summary and conclusions, ten biological 
principals which the author believes account for the 
unique and variable intelligence, power, and per- 
sonality of man and animals are listed and discussed. 
The book is indexed but does not include a list of 
references. 



Social Learning and Imitation. 

By Neal E. Miller and John Dollard. Yale Univer- 
sity Press, New Haven; Oxford University Press, 
London. $3.50. 9 x 6; xiv -f- 341; 1941. 

In this book imitative learning, as an item of human 
behavior, is studied from the double viewpoint of the 
psychological principles involved in its learning, and 
the social conditions under which this learning takes 
place. The first five chapters are devoted to a con- 
sideration of the learning process in general. Four 
basic factors in all learning are discussed, notably 
drive, cue, response, and reward. Beginning with chap- 
ter six, imitative behavior is the focus of attention. 
Three sub-mechanisms are described: some behavior, 
matched-dependent behavior (leader-follower relation- 
ship) and copying. Two experimental studies of 
imitative behavior are reported, one carried out on 
rats and one on children. The results in both cases 
demonstrate that imitation of a given response will be 
learned if rewarded, and generalized to new, somewhat 
similar situations. One chapter is devoted to a detailed 
discussion of matched-dependent behavior, and one 
chapter to copying with particular attention to the 
rdle of difference and sameness. A chapter of par- 
ticular interest is that on social conditions producing 
imitation. Crowd behavior is discussed in the light 
of the tenents of the preceding chapters and on analysis 
of a lynching presented. There are two appendices, 
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the first devoted to a critical review of Holt’s theory of 
imitation, and the second summarizes briefly (a) 
theories of other writers on the nature of imitative 
behavior, and (b) other experimental work on imitative 
behavior. There is an eight page list of references 
and an index. 



Introduction to Psychobiology and Psychiatry. 
A Textbook for Nurses. 

By Esther Loring Richards. C. V. Mosby Company ^ 

St. Louis, Mo. $2.50. 8i x 5i; 357; 1941. 

Out of her long experience in teaching the under- 
graduates of The Johns Hopkins Training School for 
Nurses, Doctor Richards has written this welcome and 
excellent textbook. The intention of the book is to 
promote an understanding of human behavior in its 
relationship to the practice of the nursing profession. 
The material is presented in two parts. Part I, 
Psychobiology — A study of the functioning in normal 
behavior, presents the fundamental concepts of the 
psychobiological viewpoint in the context of its his- 
torical position in man’s way of looking at himself. 
The personality study, by means of which the nurse 
is given an opportunity to take stock of the personality 
equipment with which she lives, is discussed in detaO. 

Part II, Psychiatry or psychopathology, is devoted 
entirely to a descriptive presentation and^ discussion of 
the various reaction types which comprise the clinical 
material of psychiatry. Two chapters are devoted to 
the minor reaction types, or neuroses, and the remain- 
der of the book to the major reaction types, or psy- 
choses. The classification followed is that developed 
by Adolph Meyer. The discussion throughout is 
simple and lucid. A list of references is appended to 
each chapter and there is an index. 



Children in a World of Confuct. 

By Roy F. Street. The Christopher Publishing House, 

Boston. $2.50. 7} x 5J; 304; 1941. 

This book has been prepared especially for the benefit 
of teachers and parents but will be found generally 
useful. The main theme is that in his daily life the 
child continuously encounters an environment which 
always possesses some new and strange qualities. 
Unless he is well equipped to meet these unusual con- 
ditions he may react through fear, surprise, or ignorance 
in a manner that does not meet the approval of the 
adult moiety. Therefore, the author pleads for a 
better understanding of the limitations of childhood and 
a greater flexibility in teaching methods both for 
school and home. To illustrate his point of view the 
author presents short case histories to describe the 
several types of childhood personality and the so-called 
problem children, and outlines pedagogic methods to 


overcome the difficulties. The style of writing as well 
as the author’s obvious mastery of the subject serve to 
render this book effective for its purpose. 



Understanding Yourself. The Mental Hygiene of 
Personality. Sixth Edition, Revised. 

By Ernest R. Groves. Emerson Books, Inc., New 
York, $2.50. 8 x 5f; 279; 1941. 

This book, which is now issued in a sixth and revised 
edition, presents a practical and common sense dis- 
cussion of the mental hygiene of personality, designed 
to be useful to the average reader. The essence of 
wholesome personality is regarded as learning to live 
with one’s self and to make good use of all one has for 
adjustment to the environment. The author’s main 
and sound thesis is to know one’s self as one is, accept 
one’s self as one is, and on this basis utilize one’s self 
to the utmost. The book is written in a simple, direct, 
unpretentious style. It should prove of interest to 
almost any adult reader. 

DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

Carnegie Corporation of New York: Report of 
THE President and of the Treasurer for the Year 
ended September 30, 1941. 

By Frederick P. Keppel and Robertson D. Ward. Car- 
negie Corporation of New York, New York. 9x6; 
148; 1941 (paper). 

The Carnegie Corporation of New York was established 
by Mr. Carnegie in 1911. It has for its purpose the 
advancement and diffusion of knowledge and under- 
standing among the people of the United States and the 
British Dominions and Colonies. In addition to a 
review of the 1940-41 year’s work, Keppel, who retired 
in November, gives an interesting survey of his nine- 
teen years of service as president. He does not hesitate 
to point out where mistakes have been made. Com- 
paring the general picture in 1941 with that of 1922, 
he says: 

... the following changes seem to the writer to be the 
most significant. In the first instance the place of the 
foundation in the whole picture of what may be termed 
cultural philanthropy has definitely changed. . . . While 
the total capitalization of foundations has risen, . .. 
the total income available for distribution annually 
has fallen. As to other sources of support, individual 
gifts are, for the present at any rate, dropping off, 
wffile public funds and the services and gifts of mdustry 
are furnishing a rising share of the total contributions. 
Foundations no longer avoid fields which will bring 
them into contact with government or business, but 
are eager to seek the cooperation of both. 

In 1922 foundation funds went predominantly to 
academic or quasi-academic recipients. Today &ere 
is a much wider spread. It is today realized that a 
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grant which helps only a single institution is not an 
ideal grwt, and for that reason exemplary influence, 
or presti^ if one prefers, is today defiberately given 
more weight in the selection of institutions than 
financial need. 

. . . During these nineteen years the individual rather 
than the curriculum or the academic machinery has 
become the center of our thinking. More and more 

our education is taking place outside the classroom. 
Libraries, museums, and other various agencies are 
cutting into the territoritv hitherto controlled bv school 
or college. In all this the progress of adult education 
has been an important factor. 

In 1922 the foundation was confident of its place of 
usefulness. It still has confidence today, but of a 
diflerent kind. It has less trust in what money can 
do, far less certainty of its own wisdom, but it limows 
from e]q)erience that, while many of its most cherished 
plans may go astray, others will prove useful to hu- 
manity to a degree far beyond original hopes. 

WOXKING WITH THE MICROSCOPE. 

By Julian D. Corringion. WkiUlesey Housty Me- 

Graw-HUl Book Company ^ New York and London, 

1941. 9 X 6; xi 4- 418; $3.50. 

Most books written for the purpose of providing in- 
structions in microtechnique fall into one of two classi- 
fications — either they are frankly juvenile and un- 
scientific or they are highly professional and technical. 
The author has prepared this manual for the large body 
of serious workers who fall in between these two ex- 
tremes. Beginning with the simplest and proceeding 
by easy stages to advanced operations, the explana- 
tions have been made as detailed and nontechnical as 
possible. The voliune not only tells the beginner how 
to use the microscope itself, but gives complete in- 
structions on the preparation of slides or specimens of 
every degree of difficulty. Nearly every type of sub- 
ject and field of interest is treated — from microfossils 
to textiles, from pond life to photomicrography, from 
soils to sections. In addition to the material on the 
preparation of slides, the book contains useful informa- 
tion about the microscope and its accessories, new 
methods in microscopy, short cuts, and special prob- 
lems. The final chapter, giving full directions on the 
preparation and use of reagents, is especially valuable. 
The book is illustrated with many carefully-chosen 
photographs and line drawings. The appendix con- 
tains a list of sources of supplies, a bibliography, and 
reference tables. A complete index concludes the 
volume. 

Working with the Microscope is heartily recommended 
as of interest to every amateur, hobb 3 dst, and student 
— to everyone except the advanced professional — ^who 
wants to learn something of this fascinating science. 



Trb UmvESSAt Constant in Living. 

By F, Matthias Alexander, With an Appreciation by 
G. E. CoghiU, E, P, Dutton and Company^ New 
York. $2.50. 7i x 5; zUi + 270. 1941. 


After an honest attempt of three months duration to 
sift the verbiage of these pages for the point the author 
is tr 3 dng to make, the reviewer must finally accept 
defeat, and admit that the Universal Constant is as 
elusive as the end of a rainbow. An understanding of 
the work should not be attempted by anyone who is 
less than a mental giant, because, to lesser minds, the 
strain of 260 pages of sentences similar to the following 
will undoubtedly lead to untold mental anguish. 

The close connexion which I observed to exist be- 
tween the processes of use and functioning, and which 
worked as I saw from the whole to the part, was sound 
evidence to me of an integrated working of the organ- 
ism, and when in working to this principle I discovered 
the existence of a control of this integrated working, 
which, according as it was employed, influenced for 
good or ill my general functioning, I realized that I 
had not only come upon the primary control of the 
mtenated working of the psycno-physkal mechanism 
in the use of the self that I need^ to bring about a 
change in my own reaction, but that, by the objective 
proof emerging from my observations and the proce- 
dures I employed, the concept of the organism-as-a- 
whole had been placed upon a foundation that could 
be scientifically established. 

The author admits that it is as difficult for him to 
put his concept into spoken or written language as it is 
to describe the sensation red. This being the case, 
until a suitable mode of communication has been dis- 
covered, it seems useless for anyone to make such an 
attempt. The abundance of testimonial letters con- 
cerning the miracles wrought by the author’s “tech- 
nique” would appear more appropriate in an advertis- 
ing column. 



Ontogeny and Such as Isos. 

By Melcherd H. Kutch, The Christopher Publishing 

HousOy Boston. $1.50. 7} x 5i; 119; 1941. 

There is very little about ontogeny in this book. 
Whether Isos is represented the reviewer is unable to 
say, for he has been unable to locate that word in any 
dictionary to which he has access. 

The forty-two chapters which comprise this work 
are of unequal weight. Some consist of newspaper 
clippings about Lina Medina, Robert Wadlow, and 
the Dionne children, some consist of unorganized 
material (Lincoln’s Gettysburg address is interpolated 
into an exposition of Egyptian cosmology), and some 
consist of nothing at all except the caption. It may 
be desirable to have the accumulated wax removed 
from one’s ears, but why should such medical advice 
be united with a discussion of the brotherhood of man 
and the cost of relief? 

On the whole the book contains much that is good 
and original, but “the parts that are good are not 
original and the parts that are original are not good”. 
Among the latter may be mentioned a few errors in 
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grammari diction, and orthography, one of which seems 
to disclose the author’s unlamiliarity with the tradi- 
tional Negro jungle. 

'’Tuba dis and Juba dat 
^ba killed de yaller cat 
For to make he wife a Sunday hat, 

Juba!” 

The subtitle of the work is "A Gift Book”. Is this 
meant to imply that no one will be likely to buy it, 
and it must therefore be given away? The book is 
provided with an extensive index. One wonders why. 



Adventures with a Microscope. 

By Richard Headstrom. Frederick A Stokes Com- 
pany ^ New York and Toronto. $2.00. 8J x SJ; 
xxiv 4* 232; 1941. 

The talents of a keen naturalist and successful teacher 
have gone into the preparation of this fascinating little 
volume. Although the work is intended primarily 
for popular consumption among boys and girls of high 
school age who possess more than a casual interest in 
the wonders of nature about them, it will undoubtedly 
find a welcome place on many school reference shelves, 
and in the hands of leaders of numerous science clubs 
and nature study groups. 

The introduction to the text is a detailed discussion 
of the structure, use and care of the microscope. 
Armed thus with the scientist’s most powerful weapon, 
Headstrom leads his readers through some 59 adven- 
tures in the microscopic world about us. From one- 
eyed monsters to bees and bears, mold and worms, 
roots and silk, the amateur investigator views the 
proverbial "wonderland”. The author’s clear and 
concise directions for collecting and preparing materials 
for microscopic study, his artistic drawings, and his 
completely accurate discussions on natural history 
contribute alike to the excellence of the work. Within 
these pages, many a boy and girl will undoubtedly hit 
upon something that will be both a challenge and an 
inspiration to a life-long interest in nature study. 



The American Illustrated Medical Dictionary. 
A Complete Dictionary of the Terms Used in Medicine, 
Surgery, Dentistry, Pharmacy, Chemistry, Nursing, 
Veterinary Science, Biology, Medical Biography, etc., 
with the Pronunciation, Derivation, and Definition. 
Nineteenth Edition. 

ByW.A. Newman Dorland with the Collaboration of 
E. C. L. Miller. W. B. Saunders Company, Phila- 
delphia and London, %1.00, plain; $7.50, thumb- 
indexed. 9x6; 1647; 1941. 


An important volume for the reference shelves of all 
biological laboratories no matter in what special fields 
the work may lie. The dictionary first appeared in 
1900. Within the last fifteen years it has been in- 
creased in size by 300 pages, while in the present edi- 
tion — ^the nineteenth — there have been added more 
than 2,000 words. Many of these new words, of 
course, come from the rapidly developing science of 
biochemistry, of nutrition, and allied subjects, but the 
general biologist will find that his own field has not 
been neglected. 



The Microscope. Seventeenth Edition: Revised. 

By Simon Henry Gage. Comstock Publishing Com- 
pany, Ithaca, New York. $4.00. 9x6; viii -f- 617; 
1941. 

The two previous editions of this classic have already 
been reviewed in these columns (Vol. 7, p. 348 and Vol. 
12, p. 94). The present edition has been expanded 
and clarified. It is not only a textbook of microscopic 
technique, but it makes very interesting reading. It 
contains new chapters dealing with the preparation of 
objects and one with the history of microscopy. But 
the great bulk of the work is concerned with the science 
of optics. It is of course possible to use a microscope 
without imderstanding all of the optical principles 
involved, but the student who does understand thfim 
will certainly derive more pleasure and satisfaction 
from his w^ork, even if indeed he does not accomplish 
better results. 

The index covers 19 pages and the bibliography 15 
pages. 



The Middle West. An Approach to Learning and 
Living through Examination of the Student's Own 
Environment. A Syllabus. 

By a Committee of the Faculty of Knox College. 

John S. Swift Company, Chicago. $3.00 net. 11 x 

8}; 1940. 

This is a syllabus, with ample space for students’ notes, 
of a full-year course of study conducted by a committee 
of the faculty of Knox College. The subjects covered 
include the geolog>% history, literature, economic struc- 
ture, sociolog>', political institutions, education, re- 
ligion, art, architecture, and music of the region. 
Reading and essay assignments for the Freshman 
English course were arranged to fit in with this course 
and are incorporated in the outline. It should be use- 
ful in providing suggestions to school and college ad- 
ministrators and teachers who are interested in intro- 
ducing a "local interest” course in their schools. 
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How Miracles Abound. 

By Bertha Stevens. The John Day Company^ New 
York. $2.50. x 6; 200: 1941. 

This work is for the purpose of teaching teachers to 
teach. Each one of its ten chapters is devoted to the 
discussion of a commonplace object, and of certain of 


its features which are mostly not familiar. This mate- 
rial is arranged in a way designed to interest children, 
to excite their curiosity, and to make them observant 
of nature and appreciative of her beauty. The book 
is well illustrated with both line drawings and photo- 
graphs, and has numerous quotations from good poetry 
to increase its aesthetic appeal. 
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I. INTRODUCTION 

A N EMBRYO in its development un- 
dergoes a series of complicated 
changes which proceed automatically 
% towards a well defined goal. To in- 
vestigate the causes of these changes 
it is important to learn something of the energy 
changes involved. There exists considerable infor- 
mation as to the heat production, respiration, etc., 
of developing embryos. This, with the exception 
of the more recent work, has been comprehensively 
covered by Needham (1931) in his treatise on 
Chemical Embryology, In the present article the 
question of the relation of the energy transforma- 
tion to the developmental changes will be exam- 
ined. It will be necessary first to discuss the relation 
between the various processes that may be assumed 
to be exhibited by the developing embryo. 

The adult form of an organism is a system that 
is evidently out of equilibrium with its environ- 
ment. It requires the expenditure of energy to 
maintain it in a steady state. This process of pre- 
serving the form and properties of the adult organ- 
ism is called maintenance. It may be presumed 
that the developing embryo, although it is not in a 
steady state, also exhibits maintenance in addition 
to processes resulting in increase in amount of liv- 
ing material (growth) and in change of form and 
composition (differentiation). That maintenance, 


growth and differentiation can be distinguished 
conceptually does not necessarily mean that they 
are distinct in the embryo. These processes and 
their components can, however, also be distin- 
guished experimentally in the developing embryo 
to some extent. An excellent survey of experi- 
ments illustrating such separation or dissociation 
of the various developmental processes has been 
presented by Needham (1933) . Making use of the 
notion of hierarchical order, Woodger (1930, 1931) 
has given a logistic analysis of the primary develop- 
mental process. Another interesting analysis that 
may be mentioned is that given by Weiss (1939). 
Different investigators differ somewhat in their 
conceptions of these processes. We shall present 
our own views here without attempting to deter- 
mine to what extent they differ from or coincide 
with those of other writers and shall examine some 
of the evidence concerning dissociability of these 
processes. Since the cases illustrating dissociation 
should furnish material for an investigation of the 
energy requirements, the evidence must be exam- 
ined rather critically. 

n. THE DEVELOPMENTAL PROCESSES AND 
THEIR SEPARABILITY 

i. Maintenance 

By maintenance is meant the process of keeping 
an organism in a steady state. An adult organism 
in a ^^resting condition” is considered as exhibiting 
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maintenance. Also a ripe unfertilized egg would 
^ illustrate this. The basal metabolism of an adult 
organism is ordinarily taken as a measure of the 
energy requirement for its maintenance, but this 
has certain implications which will be considered 
later. The question here is whether or not there is 
justification for the assumption of maintenance as a 
distinct process in the developing embryo. This 
rests on whether or not it is possible to block devel- 
opment in a reversible (non-destructive) manner; 
that is, in such a manner that there is complete re- 
covery and normal development after the block is 
removed. 

2. Naturally occurring quiescent periods 

A reversible blocking of development is exhibited 
in the normal development of many forms of ani- 
mals. In mammals, for example, quiescent peri- 
ods have been reported in the blastocyst stage of the 
development of the roe-deer, the armadillo and the 
badger (Hamlett, 1933). In grasshoppers and 
other insects we find the phenomenon of diapause 
in which development ceases for a considerable 
period. This dormant period can be eliminated 
experimentally (Slifer, 1932). In an atherine fish 
called the Grunion {Leuristkes tenuis)^ which is 
found along the coast of Southern California, there 
is also a dormant stage in development. The eggs 
of this fish are buried in the moist sand of the beach 
and develop there up to the time of hatching. They 
do not hatch out unless they are washed out of the 
sand. They can be kept in this stage in the sand 
for at least two weeks and still be capable of hatch- 
ing when placed in sea water (Clark, 1938). Dor- 
mant periods which fnay extend over years occur 
in branchiopod Crustaceans (e.g. Artemia^ Daph^ 
nia, etc.) and in the rotifers. These forms produce 
so-called winter eggs which can withstand adverse 
conditions (drying, cold, etc.) and in which devel- 
opment is blocked at an early stage. 

In the various naturally occurring cases the rest- 
ing phase occurs at a definite stage in development, 
usually either a very early or a very late stage. It 
would be desirable to show that development can 
be reversibly blocked at any stage. The evidence 
on this point is not as complete and satisfactory as 
might be desired. 

J. Experimental blocking of development 

Low temperature, as has long been known, 
blocks development at any stage. But the differ- 
^t stages give quite different results in regard to 


recovery after blocking. It is well known, for ex- 
ample, in hen’s eggs that the time of storage at low 
temperature that will permit subsequent develop- 
ment, decreases very rapidly upon incubation. 
Also it has not been shown that in these later stages 
there has been a complete stopping rather than a 
considerable retardation of development. Only in 
the case of the unincubated egg has recovery after 
prolonged and evidently complete blocking by low 
temperature been demonstrated (Moran, 1925). 
It is suggestive that the unincubated chick embryo 
corresponds roughly to the blastocyst sta{;e of 
mammalian embryos and it is in this stage that 
normally occurring dormant periods have been 
described. 

Anaerobiosis is another agent that will block the 
development of animal eggs. But the question of 
recovery after complete blocking has not been ex- 
tensively investigated. It is complicated further 
by the fact that development may occur to some 
extent under the anaerobic conditions. In the case 
of the sea-urchin egg this is very slight, but in the 
frog cleavage may proceed up to an advanced blas- 
tula stage (Lennerstand, 1933; Brachet, 1934). 
Development may also be stopped by such agents 
as cyanide, carbon monoxide, ether, the urethanes, 
etc., but the evidence on the resumption of develop- 
ment is again incomplete. 

Acidifying the sea-water will block the develop- 
ment of sea-urchin eggs. Resumption of normal 
development, however, is only possible if the block 
is of very short duration (Tyler and Scheer, 1937). 

Short exposures to very dilute mercuric chloricie 
solutions will block cleavage of sea-urchin eggs 
(Hoadley, 1930). This block can be reversed ac- 
cording to Rapkine (1931) by immediate transfer 
to sea water containing cystein. It was not deter- 
mined whether reversal is obtained after a pro- 
longed period of blocking or only after a very short 
period. 

Dinitrophenol (and other substituted phenols) 
will reversibly block the development of eggs of 
marine animals (Clowes and Krahl, 1934). This 
appears to be the best agent so far investigated. 
Development may be resumed after as much as 36 
hours of complete cessation (unpublished data). 
This is as long as the unfertilized egg lives under 
ordinary conditions 

The fact of the limited length of life of the unfer- 
tilized egg, and of the adult organism as well, raises 
some questions concerning the significance of main- 
tenance to which we shall return. The point to be 
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made here is that the dmonstration of mainte- 
nance as a distinct process in the developing em- 
bryo does not rest on obtaining an indefinitely long 
reversible block. 

4. Separation of maintenance and growth 

The so-called ^‘resting bacteria” (Quastel and 
Whetham, 1924) have been considered a good ex- 
ample of the separateness of maintenance and 
growth. Although they do not multiply these 
organisms are capable of accomplishing many of 
the enzymatic processes of actively dividing cells. 
Recovery of the power of reproduction does not 
occur to any appreciable extent, and on this basis 
one may not be justified in considering these bac- 
teria alive A better mstance is perhaps that 
reported by Gegenbaur (1921, cited by Rahn, 1932) 
in the study of disinfection of bacteria {Micrococcus 
pyogenes) by HgCU. The bacteria after treatment 
with HgClt are not immediately killed but enter 
what may be called a dormant stage. They will 
recover and grow after several hours dormancy 
when treated with H 2 S, whereas washing with 
water is ineffective in reviving them even after a 
very short dormant period. 

Another line of evidence is found in the nutrition 
and hormone studies on growing organisms. Most 
of the work does not quite bear on the point under 
discussion since the effects studied are usually re- 
tardations rather than complete cessation of 
growth. For example, in the classical case of ex- 
tirpating the hypophysis (Allen, 1916; Smith, 1916) 
growth proceeds although at an extremely slow 
rate. 

In experiments on amphibian tadpoles fed on 
various amino-acids, singly and in combination, in 
addition to a non-nitrogenous “basal” diet, Guder- 
natsch (1937) presents evidence for the separate- 
ness of maintenance, growth and differentiation. 
On the “basal” diet alone the tadpoles soon die 
from starvation. The addition of certain amino 
acids prolongs the life span without appreciable 
growth and differentiation. Others tended to sup- 
port growth and others furthered differentiation. 
The general results are listed in Table 1. Quanti- 
tative data are not given as to the extent to which 
the tadpoles may survive without growing or differ- 
entiating, but the results show the possibility of 
prolonged survival in a static embryonic condition. 
Similar differential effects on maintenance, growth 
and differentiation have been described in an exten- 
sive series of investigations by Hammett and his 


co-workers (1940) who have studied the r61e of 
amino-acids and nucleic acid components in bud 
development in the colonial hydroid Ohdia geni- 
culata. 

The best illustration of the separateness of main- 
tenance and growth appears in the work of Osborne 
and Mendel (1914, 1915). Young rats fed on cer- 
tain purified proteins such as gliadin, in addition 
to an adequate non-nitrogenous diet fail to grow 
but remain healthy and well-formed. They may 
be kept at constant weight for as long a time as 
would normally cover their entire growth period 
and still be capable of resuming growth. The ad- 
dition of lysine (Osborne and Mendel, 1915) or of 
cystine (Woods, 1925) to the experimental diet 


TABLE 1 

Gudematsch's {1937) classification of amino-adds on the 
basis of feeding experiments on frog tadpoles 

Glycine 

Alanines Support maintenance 
Leudne] (best) 


Aspartic acid 

Glutamic acid may support maintenance 

(was toxic) 

Arginine] 

Lysine > Support growth 

Cystine ] (best) 

Phenylalanine ] 

Tyrosine f Support differentiation 
Tryptophane j 

Histidine may support differentiation 

(was toxic) 


Proline 


permits resumption of growth. Work along this 
line has been greatly advanced in recent years by 
the use of purified amino-acids instead of incom- 
plete proteins (see review of Rose, 1938). 

This work on young mammals distinguishes 
principally between maintenance and growth since 
organogenesis is completed long before the start of 
the experiment. 

5. Experiments showing non-dissociability 
of maintenance 

While the above cases tend to show the dissocia- 
bility of maintenance in the developing organism, 
there are numerous experiments in which its inti- 
mate relation to growth is manifest. It has been 
shown, for example, that young dogs held at con- 
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stant weight by restricting the food supply (Aron, 
1910, 1911) would die of starvation unless the food 
were increased sufficiently to permit some gain in 
weight. Similarly, newborn rats, if maintained 
at their birth weight, would die in a limited time 
(Stewart and Jackson, 1920). In young steers, 
maintained at constant weight, it has been found 
(Waters, 1908) that the height and length of the 
animal increases, there being a depletion of fat 
reserves. 

It has been possible also to build up a “growth 
debt” by keeping young rats at constant weight for 
varying periods of time (Thompson and Mendel, 
1917). Upon return to normal diet the experimen- 
tal animals grow at an extremely rapid rate and 
catch up with the controls. This great accelera- 
tion of growth rate after a period of inanition was 
observed earlier in salamanders (Morgulis, 1911). 
These effects have been re-investigated by Jackson 
(1936, 1937). He finds that growth repression by 
under-feeding and by protein deficiency give some- 
what different results. Whereas in the latter case 
the animak practically attain the control size after 
refeeding, in the former the fiinal weight is signifi- 
cantly (16 per cent in the case of male rats) below 
the controls. In these experiments the rats were 
maintained at nearly constant weight for 15 weeks 
starting just after weaning. There was high mor- 
tality and the surviving rats showed, as before, the 
greatly accelerated growth rate when fully re-fed. 

These results do not conflict with those presented 
in the preceding section (incomplete proteins, etc.). 
The difference is that here we are dealing with in- 
sufficient energy supply along with just sufficient 
food to maintain constant weight. The result is 
that some tissues grow at the expense of others and 
there is an increase in the total requirements which 
if not met results in starvation death. In the ex- 
periments with “incomplete” proteins or with 
amino-acids, the energy supply is evidently ade- 
quate, but one or more constituents essential to the 
formation of new protoplasm is lacking. 

6, Mainffnance and life span 

The life span of organisms and isolated cells in 
rdation to maintenance and growth may next be 
briefly centered. It is known that favorable 
environmental factors will prolong to some extent 
the life span of adult organisms. In the case of the 
unfatiUzed egg, which can be considered a resting 
cell, the life span can be extended by modifying the 
medium in which it lives. However, only under 


certain very special conditions is there any evi- 
dence for extremely prolonged survival of organ- 
isms and cells. 

Certain animal organisms such as the branchio- 
pod crustaceans (brine shrimps, water fleas, etc.) 
and the rotifers produce “winter eggs” which will 
survive for considerable periods. The seeds of 
many plants will survive for years. Spores of 
uniceUular organisms are rep)orted to last decades. 
Anthrax spores, for example, will survive 20 years. 
Certain non-sporing unicellular organisms will live 
“indefinitely” if they are rapidly dried. Even 
such relatively sensitive organisms as meningo- 
coccus and gonococcus remain alive and virulent 
for years under these conditions. Freezing will 
also keep certain bacteria and oriier organisms in a 
stationary viable state, particularly if the process 
is done rapidly so as to avoid the formation of ice 
crystals (see Luyet and Gehenio, 1940). 

In these cases the systems exist in a relatively 
solid state in which diffusion processes are reduced 
to a minimum. The attainment of equilibrium 
conditions would therefore proceed at an extremely 
slow rate and it would require a very slight expen- 
diture of energy to maintain the system for an 
extremely long period of time. Measurements 
that have been made on the metabolism of organ- 
isms under such conditions reveal either a very 
slight turnover or none at all. 

A quite different kind of unlimited survival is 
evident in the results of tissue culture. The con- 
ditions for indefinite survival here involve growth 
of the tissue. The fibroblasts from the chick heart 
that have been kept alive since 1912 (Carrel, 1938) 
are continuously dividing and growing and so must 
be repeatedly subcultured. This kind of potential 
immortality of animal tissues was pointed out 
earlier by L. Loeb (1901) on the basis of long con- 
tinued transplantation of mammalian tumors (see 
also Loeb, 1928). The indefinite survival in these 
cases is essentially the same as that exhibited by 
unicellular organisms that are repeatedly subcul- 
tured. The same sort of thing is illustrated in the 
case of the long-lived trees, such as the sequoia of 
California and the baobab of Cape Verde which 
have survived thousands of years. These organ- 
isms remain in the process of growth. Actually 
most of the tree is considered as dead. 

The question as to whether tissues can be main- 
tained outside the animal body for prolonged peri- 
ods without growth has been examined by Parker 
(1936). He reports that certain embryonic and 
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adult tissues can be kept for several months in a 
functional state. It is this kind of survival which 
is of particular interest in connection with mainte- 
nance. With the exception of this work, it might 
appear that prolonged survival without growth is 
only possible by spore formation or some analogous 
change in state of the cells. The importance of 
further work along this line cannot be overempha- 
sized, both as concerns the question of unlimited 
survival as well as the factors that maintain the 
state of differentiation of the tissues. 

7. Maintenance as a repair process 

One might consider maintenance as a sort of re- 
pair process. On this view it is assumed that there 
is a continuous disintegration of the protoplasm of 
the organism. When the building-up processes are 
sufficient to balance this, we have maintenance. 
When in excess, we have growth. This view, it 
would seem, makes the distinction between mainte- 
nance and growth a quantitative one. But some 
of the above evidence and some further considera- 
tions indicate qualitative differences. Studies on 
autolysis of tissues and organisms under sterile 
conditions (Haehn, 1936; Bradley, 1938) reveal a 
number of disintegrative changes, of which the 
hydrolysis of proteins to amino-acids is typical. 
This auto-digestion simply shows the ability of 
enzymes to catalyze a reaction in cither direction. 
Now, on the basis of the law of mass action, the 
addition of any of these amino-acids would serve to 
displace the equilibrium to the protein side, and 
thus be effective in maintenance by counteracting 
the tendency towards hydrolysis of the proteins. 
For growth, however, all of the amino-acids char- 
acteristic of the particular proteins to be synthe- 
sized would be required, since the organism always 
builds up its own characteristic kind of protoplasm. 

Some experiments of Voegtlin (1935) on auto- 
lyzing muscle, liver and tumor tissue are of interest 
in this connection. If the material is first kept for 
two or three hours in a nitrogen atmosphere, there 
is a rapid decrease in precipitable protein and an 
increase in amino-acid titre. Upon subsequent 
exposure for several hours to oxygen, resynthesis of 
protein occurs with a decrease in the aniino-acid 
concentration. Presumably, although it was not 
demonstrated in this particular case, oxidations are 
proceeding under the aerobic conditions and this 
serves to displace the equilibrium towards the 
protein side. 

Considering maintenance as a repair process is 


quite analagous to the generally accepted concep- 
tion of the equilibrium state of a chemical reaction 
being that in which the rates of the forward and 
reverse reactions are equal. So in the maintenance 
of a living cell the hydrolysis of the proteins may be 
considered to be proceeding at a rate equal to their 
rate of synthesis. Where, as is evidently the case 
with most living cells, the equilibrium conditions 
are quite different from what would be thermody- 
namically defined for simple protein-amino acid 
systems, energy must be supplied to prevent true 
equilibrium from being attained. Also since most 
living cells are not isolated systems some of the 
components are free to diffuse into neighboring 
cells and into the surroundings of the organism. 
These components must then be continuously sup- 
plied. In cells that are relatively isolated from 
their environment, or that exist in a relatively 
dessicated condition, there is very little, if any, 
energy requirement. In the former case we must 
assume that the various protoplasmic components 
approximate conditions of true equilibrium. In 
the latter we assume that the rate of attainment of 
equilibrium is exceedingly slow. 

One may expect, then, that the ma'mtenance re- 
quirements of different kinds of cells will differ 
under constant external conditions, as will also the 
requirements for one kind of cell under different 
external conditions. In a developing embryo the 
wide variety of cells that are continuously arising 
will therefore continuously alter the conditions for 
maintenance, and this is probably one of the diffi- 
culties involved in experimentally blocking devel- 
opment (reversibly) at any stage. We may con- 
clude, then, from the above considerations and the 
evidence available, that there is a distinct mainte- 
nance component in the metabolism of the develop- 
ing embryo. 

8. Growth 

By growth is meant the conversion of food 
material into protoplasm. Unfortunately our 
concepts concerning protoplasm are extremely 
vague. It is generally recognized that a living cell 
contains a reserve of non-living material in addition 
to the “living substance”. This reserve may be 
demonstrated, for example, in inanition experi- 
ments. We assume, here, that the material lost 
up to the point beyond whidi recovery is no longer 
possible is simply reserve, while the irreducible 
minimum remaining in the cell represents the pro- 
toplasm. This is admittedly a rather crude way 
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of regaxdmg protoplasm. For growth studies on 
such material as unicellular organisms it is, in 
general, not necessary to distinguish between the 
protoplasm and the reserve material. The in- 
crease in number of cells (of uniform size distribu- 
tion) may be taken as a direct measure of the syn- 
thesis of protoplasm. 

In the case of the early development of a multi- 
cdlular organism, this view of growth presents 
some practical dfficulties. The eggs of most 
marine invertebrates, for example, absorb no mate- 
rial from the outside (with the exception of water, 
oxygen and perhaps some minerals) for a consider- 
able period of their development. Here growth, 
in the sense of increase in mass, does not occur. 
However, we recognize certain constituents of the 
egg, such as the yolk, fat, some pigments, etc., as 
essentially nonprotoplasmic materials. It has 
been shown, in fact, that such materials can be 
removed to a large extent without incurring the 
death of the egg or loss of its ability to develop. 
During early development these “reserves” gradu- 
ally disappear and growth in the sense of synthesis 
of protoplasm evidently occurs. In the case of the 
large eggs of oviparous animals, we encounter no 
particular practical difficulties in considering 
growth in this manner, since a region which is pre- 
ponderately protoplasmic may be distinguished 
from one which is diiefly yolk. The embryo arises 
in the protoplasmic area, and its increase in size 
at the expense of the yolk is a measure of the con- 
version of food materials into protoplasm. In the 
case of oviparous animals with small eggs, the food 
material is distributed throughout the cytoplasm of 
the egg, and the embiyo is not separated off from 
this reserve material. By adhering to the defini- 
tion of growth as synthesis of protoplasm, we evi- 
dently introduce difficulties in its experimental 
determination in the early development of eggs of 
this type. But this seems preferable to using the 
evidenUy fallacious notion that no growth is occur- 
ring where there is no increase in mass. One would 
not think of assuming that a hen’s egg, fpr example, 
is not growing because there is no increase in total 
mass up to the time of hatching. Here, of course, 
we can recognize the embryo as distinct from the 
yolk at an early stage. To be consistent, then, 
we must assume tliat growth occurs in the early 
development of the small eggs of oviparous ani- 
mals/ The difficulties in quantitative estimation 
may be compensated by the possibility of utilizing 


when^ necessary the general results of growth 
studies on various kinds of living things. 

P. Storage 

Following this line of thought it is also apparent 
that we must consider a process, called storage, as 
distinct from growth. This process would repre- 
sent the accumulation by the cell of reserve food 
materials. The tremendous enlargement of the 
young odcyte as it is transformed into the ripe egg 
may be considered as being due principally to 
storage. This process is exhibited particularly in 
the later stages of development; for example, in 
the development of the ovary, or in the develop- 
ment of such structures as the fat bodies of insect 
larvae which are used up duimg pupation and 
metamorphosis. Storage* may be regarded as a 
component of the processes of differentiation. 
But this depends on how differentiation is to be 
defined. 

10. Growth without differentiaiion 

We may consider first some cases illustrating the 
separateness of growth and differentiation. There 
is, of course, no point in considering growth with- 
out maintenance, since the former ipso facto implies 
the latter. We are interested to know whether at 
any stage of development growth and differentia- 
tion can be dissociated. 

An excellent example of growth without differ- 
entiation is that of the anidian chick eggs (Dareste, 
1882; Grodzinski, 1934). The anidian blastoderm 
grows considerably with no sign of differentiation. 
In this example differentiation fails completely to 
occur right from the start of development. For 
later stages of development, growth without dif- 
ferentiation may be illustrated by the classical 
experiments on removing the thyroid of frog tad- 
poles (Allen, 1916, 1938). As is well known, the 
animals fail to metamorphose but continue to grow 
at about the normal rate and attain dimensions 
beyond the metamorphosis size. There are similar 
examples in other animals. In insects, Wiggles- 
worth (1936) has shown that implantation of the 
corpus allatum from third or fourth stage nymphs 
of Rhodnius into fifth stage nymphs would prevent 
metamorphosis which normally occurs at this 
stage. The growth and moulting continues, giving 
a sixth and even a seventh nymphal stage. The 
corpus allatum seems to restrain differentiation 
towards the adult form. 
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Metamorphosis might be considered a special 
case in that we are dealing with the transition of 
one kind of fully functional (except generally for 
reproductive faculties) self-sustaining organism 
into another form. We might inquire, then, 
whether before metamorphosis or in the develop- 
ment of a non-metamorphosing species differentia- 
tion may be interrupted at any stage without 
affecting growth. 

A difficulty in accomplishing this is apparent in 
embryos that derive the material for growth from 
an external source. Supi)ose, for example, a chick 
embryo is to be kept in the one somite stage while 
enlarging to the size attained at hatching. The 
lack of a proper blood circulation would render the 
food material unavailable except to those cells 
adjacent to the yolk. Also oxygen would become 
unavailable to the internally situated cells as the 
embryo enlarged. From dimensional considera- 
tions this difficulty does not appear avoidable; only 
abnormal growth or the anarchistic type of growth 
described by Byerly (1926) seems possible in such 
a situation. 

In embryos that contain the material for growth 
internally, the difficulty is in recognizing growth as 
here defined. Suppose, for example, differentia- 
tion of a salamander embryo were blocked in the 
gastrula stage. Continuance of growth would 
mean increase in the protoplasmic substances (spe- 
cific proteins, etc.) characteristic of that particular 
stage, at the exp>ense of the contained yolk mate- 
rials. Information of this sort is not generally 
available. It seems reasonable, however, to as- 
sume that if cell division continues, in spite of the 
block to differentiation, protoplasmic synthesis 
goes on. Using this as a criterion for growth we 
shall examine some cases of suppressed differen- 
tiation. 

In salamander embryos it has been shown (Dur- 
ken, 1935) that ultraviolet radiation of the dorsal 
lip of the blastopore at the gastrula stage inhibits 
differentiation, presumably due to inactivation of 
the organizer. Gastrulation is completed but the 
neurula stage is not attained. Cell division evi- 
dently continues but data are not given from which 
to decide whether it proceeds beyond the point 
chatacteristic of the particular stage. 

Interference with the differentiation of specific 
parts of the embryo without particular injurious 
effects can be obtained by chemical means (see 
review of Lehmann, 1937a). The various exam- 


ples, however, do not illustrate suppression of dif- 
ferentiation but rather alteration of the type of 
differentiation. Thus in the classical case of the 
lithium larvae of sea-urchins (Herbst, 1893; Runn- 
strdm, 1928) there is a conversion of presumptive 
ectoderm into endoderm. In the case of the 
‘‘chorda-lose” salamander embryos (Lehmann, 
1937b) the presumptive notochord ceUs become 
mesodermal somite cells. 

In the numerous defect experiments with which 
experimental embryology abounds, one might ex- 
pect to find illustrations of suppressed differentia- 
tion. But again it appears in general that altered 
differentiation results. In the well-known experi- 
ment of Lewis (1902-03), for example, extirpation 
of the optic vesicle results in failure of lens develop- 
ment, but the presumptive lens cells apparently 
do not remain in the state of differentiation char- 
acteristic of the stage of operation but develop into 
typical ciliated (?) epidermal cells. 

Explantation experiments should, it would seem, 
supply good examples of the failure of parts to dif- 
ferentiate. This t)pe of experiment is the reverse 
of the defect experiment. In the latter, particu- 
lar inductors are removed, but inductive action of 
other parts of the embryo may influence the result; 
in the former particular parts are removed but 
inductive action of the culture medium may influ- 
ence the result. The explantation (inteplanta- 
tion) experiments in amphibia in which parts are 
transferred to the eye-cavity (Durkin, 1926; 
Bautzman, 1929; Kusche, 1929), the body cavity 
or lymph spaces (Holtfreter, 1929) illustrate such 
action; a wide variety of tissues developing from 
the isolated parts. In the more recent experiments 
of explanting in a neutral salt solution (Holtfreter, 
1931, 1933a) the effect of the medium is presum- 
ably eliminated. Presumptive medullary plate of 
the early gastrula cultured in this way forms an 
irregular mass of atypical epidermal cells, just as 
does the presumptive epidermis. The few excep- 
tional cases in which some nervous tissue did de- 
velop are explained as coming from older embryos. 
In exogastrulae (Holtfreter, 1933b) failure of the 
ectoderm to form nervous tissue is also shown. 
Both in the explants and in the exogastrulae, con- 
tact of the ectoderm with an inductor (e.g. chorda- 
mesoderm) results in the differentiation of neural 
structures. If the isolated ectoderm were capable, 
after being cultured for some time, of reacting to 
inductors we would be justified in assuming that ho 
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differentiation had occurred while growth, as evi- 
denced by mitosis, continued. But according to 
Holtfrcter (1938, p. 301) the ability of the ectoderm 
to react decreases with increased time of culturing. 
The change corresponds roughly to that undergone 
by the presumptive epidermis in the embryo itself. 
Thus, at best, we have here only a partial dissocia- 
tion of growth and differentiation. 

A highly interesting example showing inde- 
pendence of growth and differentiation is found in 
the viviparous medusa, Chrysaora hysoceUa (Teis- 
sier, 1929). While the eggs of this animal are all 
of the same size, the blastulae, gastrulae and 
planulae are extremely variable. One can find in 
the same animal planulae that are smaller than 
many of the gastrulae and gastrulae that are 
smaller than many of the blastulae. This may be 
due either to differences in the rate of growth of 
different eggs, or to differences in the rate of dif- 
ferentiation, or both. In any event it shows that 
a considerable amount of growth may be obtained 
without differentiation. Thus planulae may be 
obtained that vary as much as 300 to 1 in volume, 
the smallest planulae having only three or four 
times the volume of the egg. The increase in mass 
of the embryos is due, of course, to parental 
nourishment and starts evidently in the blastula 
stage. Teissier showed that blastulae of radically 
different size have cells of exactly the same dimen- 
sions. Therefore, increase in number of cells paral- 
lels the increase in size. Cell division would in 
this case be an index of growth. Whether it could 
be generally used as a criterion of growth (as we 
have defined growth) might possibly be determined 
on an egg of this type, especially since in the early 
segmentation stages there is no increase in mass. 

A somewhat analagous case is given by the giant 
and dwarf races of rabbits (Castle and Gregory, 
1931). The giant (Flemish) and the dwarf (Polish) 
races both produce eggs of the same size. The eggs 
of the former, however, divide much more rapidly, 
and at identical stages of differentiation the em- 
bryos of the larger species are larger. Cell size is 
the same in both species. This case illustrates an 
acceleration of growth with a constant rate of dif- 
ferentiation. 

We cannot discuss here the numerous cases of 
gehetic size differences in animals that have been 
studied. But it should be noted that larger size 
may be attained by prolongation of the growth 
pcSiod as well as by increase in rate of growth. 

From the evidence presented and many similar 


cases that may be found in the literature, it appears 
that growth without differentiation can occur in 
embryonic development. The reservation must 
be^made, however, that this has not been demon- 
strated for very many different stages of develop- 
ment. But this incompleteness may be due to the 
lack of experiments designed to test this point in 
particular. 

11. Differentiation 

The preceding account implies a definition of 
differentiation as simply those processes not in- 
cluded under what we regard as growth and main- 
tenance. We may then include under differentia- 
tion (a) the various form changes (morphogenetic 
and histogenetic changes) that occur in develop- 
ment, and also (b) the production of the substances 
characteristic of the various tissues, (a) One may, 
as is often done, consider the form changes as 
‘‘directed” growth. D^Arcy W. Thompson (1917), 
for example, states that “the form of an animal is 
determined by its specific rate of growth in various 
directions.” This involves a somewhat different 
definition of growth than here employed. Also, it 
seems preferable not to use the term growth in this 
connection unless it is shown that it is impossible 
for the form changes to occur without increase in 
protoplasm. 

(b) The production of substances characteristic 
of the various tissues would be included under 
growth where the particular substances occur in 
self-multiplicative (self-perpetuating) structures, 
such as the nucleus, central bodies, mitochondria, 
etc. It would be included under differentiation 
in the case of structures that are not self -multiplica- 
tive as the fibrillae of various sorts, the cilia, spe- 
cific granulations, etc. In general it is these non- 
self-multiplicative structures that characterize the 
various tissues. This distinction would be value- 
less if non-self-multiplicative structures were 
formed only during increase in self-multiplicative 
structures; that is, during active cell division. 
Actually, however, the reverse is more generally 
true; for, as recent evidence from tissue culture 
work and other sources shows, the visible cellular 
differentiations appear when cell division has 
ceased. This will be discussed below. 

Although growth can apparently occur without 
differentiation, it does not follow that the reverse 
must be true. In discussing this question we must 
distinguish between what may be termed con- 
comitant growth and antecedent growth. 
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12. Histogeneiic changes 

That the visible histogenetic differentiations oc- 
cur without concomitant growth is evident for most 
of the tissues of the body, provided that we accept 
the absence of cell division as a criterion for the 
absence of growth. The tissue culture work of 
recent years (see review of Bloom, 1937) shows, in 
fact, that there is a sort of antagonism between cel- 
lular differentiation and growth. Thus actively 
dividing cells remain ‘‘undifferentiated.” The 
cells differentiate only when culture conditions are 
such that multiplication is inhibited (e.g. delayed 
growth method of Fischer and Parker). In a 
recent survey Dawson (1937) points out that con- 
trary to the general view, mitosis may occur in 
partially or fully differentiated cells without regres- 
sion of cytoplasmic structures. If increase in the 
non-self-multiplicative structures occurred simul- 
taneously this would mean an overlapping of cellu- 
lar differentiation and growth, as we have defined 
them. Dawson, however, states “The general 
conclusions of Berrill and Huskins (1936) that there 
is considerable evidence that cell structures and 
form can only be developed during the interkinetic 

phase of the nucleus is probably justified ” It 

is also well known that in tissue culture, most 
types of cells transform into fibroblast-like cells or 
“indifferent” epithelial cells and proliferate as 
such. We may conclude, then, that cellular dif- 
ferentiation is not only separable from, but gen- 
erally occurs without concomitant growth, assum- 
ing, as before, that mitosis is an index of growth. 

The question as to whether cellular differentia- 
tion can occur without antecedent growth implies 
that we have a starting point of zero growth. 
However, if we exclude the miracle of spontaneous 
generation, all living cells must have a previous 
growth history. One might, though, with some 
justification assume that a ripe unfertilized egg 
represents the endpoint of one stage of growth and 
the starting point of another. The same then 
must be assumed for any cell of the body that has 
ceased growing (i.e. dividing). The question then 
is whether such cells (ripe eggs, muscle cells, nerve 
cells, etc.) can transform into another type without 
the occurrence of growth. That is, can a cell lose 
its specific differentiations and elaborate structures 
characteristic of another iypt of tissue without 
going through a growth phase? 

The nearest thing to this is perhaps the case 
described as differentiation without cleavage (Lil- 
lie, 1902} . Eggs of the marine annelid Chaetopterus 


were found after treatment with KCl to develop 
into ciliated trochophore-like structures without 
having undergone segmentation. But although 
cytoplasmic division failed to occur nuclear divi- 
sion quite evidently took place resulting in a large 
number of nuclei or a single large nucleus being 
present in these atypical larvae. It also has been 
shown that during the development of such larvae 
the respiration rises although more slowly than 
normal (Brachet, 1938; Tyler and Horowitz, 1938) 
and that there is a synthesis of thymonudeic add. 
Growth then in the sense we have been using the 
term, namely, synthesis of protoplasm, evidently 
occurs and this case can not be used as an illus- 
tration of differentiation without antecedent 
growth. It does, however, demonstrate strikingly 
the extent to which the appearance of certain 
structures and assumption of a definite form is 
independent of the actual subdivision into separate 
cells. 

13. Morphogenetic changes 

We may next consider whether the form changes 
(morphogenetic changes) can occur independently 
of growth. If by independent of growth is meant 
complete absence of antecedent as well as con- 
comitant growth, then evidence on this point is 
completely lacking with the exception of the case of 
“differentiation without deavage,” discussed 
above. Considering only concomitant growth, we 
know of no cases of the form changes occurring in 
its absence. In fact, it is generally thought that 
the morphogenetic changes are directly the result of 
growth in specific directions, although the term 
growth is not always used in the same ivay. 

On the assumption that cell division is an index 
of growth the question is whether a particular form 
change can occur in the absence of concomitant 
cell division. Observational evidence on mitotic 
indices (see recent work of Richards, 1935, for 
earlier references) of developing embryos tend to 
show an acceleration of cell division in parts that 
are undergoing marked form changes. This, how- 
ever, does not necessarily mean that a particular 
form change results from increased cell division. 
The reverse might very well be true or both might 
result from some common factor. The inadequacy 
of simply increased mitosis as a causative factor 
may illustrated by considering such a form 
change as gastrulation in an echinoderm blastula. 
Here, since there is practically no intake of mate- 
rial (except possibly water and some salts) from 
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the outside there is no increase in mass. Conse- 
quently increased cell division in the invaginating 
region would simply produce smaller cells. But 
the presence of smaller cells in part of the blastula 
wall does not necessitate intuming since in the sea- 
urchin egg by an unequal fourth deavage there are 
smaller cells at the antipole during the entire 
blastula stage. Also removal of these micromeres 
does not prevent gastrulation (Horstadius, 1928). 
It is interesting to note too that the only available 
observations (Schmidt, 1904) show no differences 
in the rate of cell division in the different regions 
of the sea-urchin embryo during gastrulation. 

It would, of course, be extremely important to 
determine whether a particular form change such 
as gastrulation, neurulation, etc., could occur with- 
out the normally accompanying cell division. 
Since such evidence as exists indicates the opposite 
it may be conduded for the present that morpho- 
genesis is intimately tied up with growth. This 
does not contradict the previously discussed inde- 
pendence of cellular differentiation and growth, 
since, as Ranzi (1929, 1931) and others have shown, 
the histogenetic changes are to a large extent inde- 
pendent of the form changes. 

14. Differential effects on the rates oj growth and 
differentiation 

In the preceding section it was pointed out that 
there is no evidence of the morphogenetic changes 
occurring without any growth. There is, however, 
evidence showing that the rate of differentiation 
may be accderated with respect to growth. The 
precocious metamorphosis that resulted from feed- 
ing thyroid to frog tadpoles is considered by Guder- 
natsch (1912, 1929) as demonstrating differentia- 
tion without growth. Actually growth, as we use 
the term, very likely occurs during metamorphosis, 
the material being supplied by the resorption of 
certain parts. More strictly, the thyroid feeding 
advances the time of onset of the metamorphic 
change. The transformation itself is apparently 
not speeded up. Whether this, then, should be 
regarded as an acceleration of differentiation is a 
debatable question. Certainly there is no evi- 
dence that the early stages in the development of 
the tadpole are speeded up by thyroxine treatment, 
or by any other agent inducing precocious meta- 
morphosb. As was pointed out in a preceding 
section it would be better to consider examples 
from non-metamorphosing forms or in stages of 
development not mdudmg metamorphosis. 


A question that arises in connection with the 
work on metamorphosis is how far the time of 
onset may be advanced. The evidence shows that 
very young frog tadpoles may be made to meta- 
morphose, but even the youngest of these are still 
“fully*^ developed tadpoles. There is normally, 
prior to metamorphosis, a considerable period 
during which growth without any marked form 
changes occurs, although such cellular differentia- 
tion goes on as must accompany the increase in 
size of the various organs. It would be of interest 
to know whether metamorphosis can be made to 
occur before this period. Advancing it sufficiently 
far would, of course, amount to eliminating it 
altogether. We would then have direct develop- 
ment from egg to frog, which does in fact normaUy 
occur in certain species of amphibia (see Noble, 
1931). 

Some experiments on chick embryos illustrate a 
differential acceleration of differentiation with 
respect to growth. Hoadley (1929) found by 
transplanting embryonic parts to the chorio-allan- 
toic membrane that the organs which developed 
were much smaller than those of the intact embryo 
at comparable stages of differentiation. This was 
examined particularly in the case of the spinal cord, 
the mesonephros and the eye. The size of the 
organ is smaller the earlier the stage at which the 
transplant is made. Thus, the eye that developed 
from a transplant from a 20-hour chick was about 
h of the control size while that from a 48-hour 
chick was J. Cell size was observed to be the same 
in the grafts as in the controls. There are, then, 
fewer cells present in the graft, so cell division was 
quite evidently retarded. Similarly, Waddington 
(1932) found that when whole blastoderms are 
cultivated in vitro, the embryos that develop are 
much too small for their stage of differentiation. 
The rate of differentiation was slowed up in com- 
parison with the intact embryo but the rate of 
growth was retarded considerably more. The pre- 
viously mentioned rule of an antagonism in tissue 
culture between growth and cellular differentiation 
perhaps accounts for these results. But there is 
also in these two cases a relative acceleration of the 
form changes as well. So the morphogenetic 
changes too are to some extent independent of 
growth. 

15. Brief Summary 

We have attempted in the preceding pages to 
define the fundamental processes that are generally 
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assumed in development and examined some natu- 
rally occurring and some experimentally produced 
cases in which the integration of these processes 
appears to be altered. We may summarize the 
discussion briefly as follows: (1) there is good evi- 
dence for maintenance occurring without growth 
and differentiation. (2) Maintenance and growth 
may occur without differentiation. (3) Cellular 
differentiation occurs without growth. (4) There 
is no evidence as yet that the form changes can 
occur without growth but the rates can evidently 
be differentially altered. 

The evidence affords for the present suflicient 
justification for distinguishing between these con- 
ceptually different processes in development. 

m. EVIDENCE OF ENERGY REQUIREMENTS 

L *A priorV considerations 

The processes of differentiation are what char- 
acterize the developing embryo in comparison with 
the adult organism or with a tissue culture of 
actively growing cells. We are therefore inter- 
ested in determining the energy requirements for 
the differentiation processes apart from that for 
the normally accompanying maintenance and 
growth processes. This could be rather simply 
done if the requirements for the maintenance com- 
ponent in the developing embryo were the same 
as in the adult per unit mass, and that for the 
growth component the same as in the “fully 
formed” young. But as was pointed out above 
this is very likely not the case. In fact different 
cells of the same organism undoubtedly have dif- 
ferent maintenance requirements. It is necessary, 
then, to approach this problem in some indirect 
manner. There is, for example, the possibility of 
utilizing experiments and normally occurring situa- 
tions such as we have described above, in which the 
differentiation, growth, or both processes are elimi- 
nated in the developing embryo. Very little work 
has been done along this line. Another possi- 
bility is to vary the energy requirements for one 
of these processes while that for the others is unal- 
tered, or, what is very similar, cases in which the 
rates are differentially altered could be utilized. 

It is, in the first place, important to determine 
whether energy is actually required for differentia- 
tion. It has often been stated, principally on the 
basis of Meyerhof’s (1911) and Shearer’s (1922) 
experiments, that no energy is required. Meyer- 
hof’s and Shearer’s experiments showed that in 


sea-urchin embryos the ratio of heat produced to 
oxygen consumed was constant throughout devel- 
opment. It was assumed, then, that if energy were 
required for differentiation, there should be a 
decrease in the heat evolved per mole of oxygen 
consumed at times when work was actively being 
performed. There are several objections that may 
be raised against this point of view. It may suffice 
to point out that the heat produced carries no 
identification of its past history in the embryo. 
A good part of the energy represented by the heat 
evolved may very well have been used in producing 
the form changes before it appeared as heat. What 
those experiments do show, at least for the limited 
number of stages examined and within the limits 
of accuracy of the measurements, is that, if energy 
is required, it is not stored up in the embryo but 
appears as heat. This would mean that the form 
changes in development are of the plastic rather 
than the elastic t 3 q)e. 

In the chick embryo there appears to be the pos- 
sibility that a small percentage of the energy is 
stored up in the structure, for Bohr and Hassel- 
balch (1903) found that there was 4 per cent less 
heat production than should be obtained from the 
oxygen consumed and the CO 2 evolved. This may 
be due, as Needham (1931, p. 964) points out, to 
experimental error. 

If energy is stored up in the structure, it might 
conceivably reside in the increased surface area. 
Some calculations of Ellis (1933) and Borsook 
(1935) show that this would be an extremely small 
fraction of the energy turnover. Using the value 
for the surface tension of a water-air interface 
(72.75 dynes/cm.), which is considerably higher 
than the values Harvey (1931) and Cole (1932) 
obtained for the tensions at the surface of marine 
eggs, they point out that the 4 per cent “organiza- 
tion energy” (3480 calorics) of the chick embryo 
would provide for an increase of 2 X 10® sq. cm. 
But a chick embryo of 50 c.c. volume and with 
cells that they assume to average one-tenth the 
volume of a human red blood cell would have a 
total cell surface of 2.4 X 10^ sq. cm., which is 
0.1 per cent of what the doubtful organization 
energy would provide. These calculations leave 
out of account entirely the increase in intracellular 
surface, but it is hardly possible even to guess the 
magnitudes involved. There is, however, not 
much point to such calculations unless we can con- 
ceive of some way of recovering the supposedly 
stored up energy. This certainly could not be 
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done by cytolysis, for example, since what is re- 
quired is a return to the initial state. A true re- 
versal of development would be necessary in order 
to settle this question. 

We know at present of one instance in which 
reversal has been obtained but this covers only a 
very restricted initial period in development. This 
case is a reversal of fertilization (Tyler and Schultz, 
1932) obtained by treating eggs of the echiuroid 
worm, Urechis, with acidified sea water within a 
short time (3 minutes) after insemination. The 
eggs are caused to return to their initial unfertilized 
state, although the spermatozoon is not expelled 
but remains in the egg. That the eggs have actu- 
ally been reversed is shown by the fact that they 
can be re-fertilized; they then develop as dispermic 
eggs. During the reversible period the egg under- 
goes a change in shape from an indented sphere to 
a practically perfect sphere, whereby there is a 
decrease in surface area. The return to the unfer- 
tilized condition involves a reversal of this change 
in shape. We might expect that the decrease in 
surface area would involve a liberation of energy, 
and the return to the original condition an absorp- 
tion of energy. But this would be extremely diffi- 
cult to demonstrate for the short time interval of 
the change, especially since the values might be 
very small in comparison with the total energy 
turnover. If other and longer periods of develop- 
ment could be reversed we would be in a position 
to answer not only the question of storage of energy 
in embryonic structure but also many important 
problems of development. 

The question as to whether or not there is an 
energy requirement for differentiation does not rest 
on showing that energy is stored up. In discussing 
this question we must consider separately the 
mechanical changes and the chemical changes of 
differentiation. These correspond respectively to 
the form changes and to cellular differentiation, 
although in using these terms it must be kept in 
mind that the latter involves mechanical changes 
in the form of the cell and the former must have 
chemical transformations as a basis. (Huxley’s 
*^chemo-differentiation”) . 

2. The chemical changes 

When we speak bf the energy requirement for a 
particular diemical change we mean the total 
eneigy that must be supplied in order for the reac- 
tion to occur. Reactions that proceed spon- 
taneously evidently require no energy. To decide, 


then, whether or not the production of the particu- 
lar substances characteristic of the various tissues 
requires energy, one would have to determine 
whether the reactions would proceed spontaneously 
from the precursors in the concentrations present 
in the cells. Data on this are lacking, however, in 
many respects. Not very many of the character- 
istic tissue substances are known in pure form, and, 
where the substances and their concentrations and 
state in the cell are kno^vn, the precursors are not. 
Even the origin of a substance as well known as 
haemoglobin is obscure. Determinations of equi- 
librium constants or of the free energies from which 
the constants could be obtained can hardly be made 
if the reactions cannot be precisely formulated. 

Let us, however, consider the-situation in a gen- 
eral way, without distinguishing particularly be- 
tween cellular differentiation and growth. In the 
hen’s egg it appears that the raw materials are not 
very different from the materials of the embryo 
itself (see Needham, 1931, p. 1062). The processes 
of cellular differentiation and of growth involve the 
transportation of the raw materials from the yolk 
to the cells of the embryo. For those raw mate- 
rials, such as proteins, which are present in the form 
of large molecules, breakdown into smaller entities 
(polypeptides or amino-acids) is evidently neces- 
sary before they can be absorbed by the cells. We 
need not consider, at this point, whether or not 
this breakdown proceeds spontaneously, i.e. with 
a decrease in free energy. Let us assume that the 
materials of the embryo have about the same free 
energy content as the raw materials (which seems 
reasonable on the basis of the above-mentioned 
similarity between embryo and yolk materials). 
If, then, the breakdown processes involve a de- 
crease in free energy the synthetic process will in- 
volve an increase and vice versa. Since the sites 
of breakdown and synthesis are far removed from 
one another, it is evident that energy liberated by 
one of the processes is not likely to be utilized by 
the other. It may be concluded, then, that the 
overall process of converting the raw materials into 
embryonic materials (representing both growth and 
cellular differentiation) very likely requires energy 
in eggs such as that of the chick. We shall not dis- 
cuss here the question as to the amounts stored and 
dissipated, nor the relation to energy supplying 
mechanisms, coupled reactions, respiration and 
fermentation. 

In eggs of viviparous animals such as mammals, 
the raw materials are evidently supplied in the form 
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of smaller entities, the breakdown processes having 
occurred in the maternal organism. Here, then, 
it would be necessary to decide whether the syn- 
thetic processes require energy. For the synthesis 
of proteins from amino acids there is no data as 
to the energy relations. For the synthesis of 
dipeptides from amino acids in dilute solution 
energy must be supplied, as recent free energy data 
show (Huffman, EUis and Fox, 1936). If, as ap- 
pears likely, protein synthesis proceeds over this 
path, and if other synthetic reactions are anala- 
gous, we may conclude that the chemical changes 
of cellular differentiation and growth probably also 
require energy in this type of egg. 

In the small holoblastic eggs of oviparous ani- 
mals the raw materials are contained intracellu- 
larly and there is no evidence that they must be 
broken down, transported and resynthesized into 
the materials of the embryo. It is entirely pos- 
sible that very little change is required to form the 
materials of the embryo or that the change involves 
only the breakdown reactions (probably but not 
necessarily attended by a decrease in free energy) 
or that energy liberated in breakdown is utilized in 
synthesis, etc. It would be important then to 
determine the kinds of chemical changes occurring 
in this type of egg. From the information avail- 
able it cannot be decided whether, for example, 
there is a s)aithesis of protein from amino-acid 
during development. If such synthetic processes 
occur the situation would be analogous to that in 
eggs of viviparous animals. 

In regard to the energy cost of cellular differen- 
tiation there is not very much that can as yet be 
said. The heat production and respiration of de- 
veloping embryos has, of course, now been deter- 
mined in a large number of animak (see Needham, 
1931, part III, section 4). But as we have seen 
the vdues may be attributable to maintenance, 
growth and the form changes as well as the chemi- 
cal changes of differentiation. It would be neces- 
sary to know the values of the chemical work per- 
formed and the free energy change in the energy- 
supplying reaction in order to state the efficiency. 
This would be simply the ratio of the former to the 
latter. The usual methods of determining free 
energies involves measurements of chemical equi- 
librium or electrode potentiak on well-deffned sys- 
tems. In recent years application of the third law 
of thermodynamics has led to the determination of 
free energies by calorimetric measurements of 
entropies and heat contents (see Parks and Huff- 


man, 1932 for application to organic compounds), 
and this appears to be the most promking method 
for dealing with substances involved in biological 
systems. 

J. The mechanical changes 

For an elastic t)q)e of body, the energy required 
(per unit volume) to produce a given form change 
characterized by a definite amount of shear, 
would be 

E~^Sds ( 1 ) 

in which / is the applied force (or shearing stress) 
and is a function of s. Where Hookek law,/ ■« Gs^ 
holds, then 

E^\G^ ( 2 ) 

in which G is the shear modulus. For elastic 
deformations other than simple shear, other pa- 
rameters would have to be introduced. Thk 
energy would, of course, be stored up as elastic 
potential energy, recoverable as work or heat upon 
reversal of the form change. 

For a fluid type of body the energy required (per 
unit volume) would again be given by (1). But 

ds^ 

since here/ depends on the rate of shear, {D — -j), 

at 

we may substitute Ddt for ds and 

E - ' (3) 

In ordinary (Newtonian) liquids 

f^rtD (4) 

in which rj is the coefficient of viscosity (or of inter- 
nal friction) then 

E - (5) 

This energy would be dissipated immediately as 
heat and the form change can only be reversed by 
further expenditure of energy. 

Actually the embryo exhibits properties of both 
elastic and fluid bodies. If it is rapidly compressed 
and released or stretched and released, it returns 
to its original shape. But upon prolonged defor- 
mation the return k inhibited. Such behavior is 
characteristic of what are termed plastic bodies. 
The deformation of a plastic body may be treated 
in the same way as that of an elastic body with the 
introduction of a term for what k called relaxation. 
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Also it might be treated as a fluid body with a cer- 
tain yidd value of the applied force below which 
no flow occurs. Relaxation effects a decrease in 
internal stress of the deformed body with time. 
Assuming simply that in the inteiral of time, 
the stress decreases in intensity by dt/R, in which 
R is a relaxation time constant, we have 

df= -^dt ( 6 ) 

The decrease in internal stress ( —df) under a con- 
stant applied force results in further deformation 
(increase in amount of shear, s) , that is 

-df^Gds (7) 

and substituting this in (6) we have 

Gds =idt or / = GRy, (8) 
K at 

Writing Z>, the rate of shear for ds/dt brings out the 
similarity of this equation to equation (4). In 
place of the viscosity coefficient, i?, there is here 
the product of the shear modulus, G, and the 
relaxation time, R. The behavior, then, is that of 
a liquid with a viscosity equal to GR. 

This brief treatment of elastic, fluid and plastic 
bodies is presented here merely to illustrate the 
kind of information that is required. Even with 
homogeneous substances the situation is much 
more complicated than is represented here (see 
Love, 1927; Houwink, 1937, or other treatises on 
elasticity and plasticity). In a heterogeneous sys- 
tem, such as an embryo, with a number of struc- 
tural elements of different t3q)es, the deformation 
wiU be controlled by a large number of parameters 
and the relations would be extremely complex. 
Possibly some relatively simple measurements of 
viscosity or of elastic moduli and relaxation or of 
some other properties might enable us to deter- 
mine the energy required for a particular form 
change. At present such direct determination does 
not seem feasible. 

A few words may be said concerning the justiflca- 
tion for assuming that the form changes of a de- 
vebping embryo are of the plastic type. If an 
embryo is killed by heat or radiation or chemical 
agents it retains its form. The objection might be 
raised that the process of killing has altered the 
material in such a way that elastic stresses are 
reeved.* In that case heat would be expected to 
be produced equivalent to the loss in elastic poten- 
tial energy. While no information is available on 


the ^Meath heat production*’ of embryos, measure- 
ments on yeast and on erythrocytes (Lepeschkin, 
1937) show no very appreciable effect. Also the 
killing process might just as conceivably allow 
elastic recovery to occur if the system were one 
exhibiting “blocked elastic deformation.” For 
example in resins (Houwink, 1934) an increase in 
temperature is required for recovery to proceed to 
completion after deformation and similarly in wool 
(Astbury, 1933) treatment with a chemical agent. 

If instead of killing the embryo the energy sup- 
plying systems are blocked the form is likewise 
retained. This may be done by such agents as 
cyanide, anaerobiosis, iodoacetate, fluoride, etc., 
which act on the respiratory or fermentation mech- 
anisms. It is possible, however, , that other sys- 
tems take over the energy supplying job in such 
cases. Other reasons for considering the form 
changes to be of the plastic type are the failure of 
recovery of original form after prolonged applica- 
tion of an external force and the constancy of the 
caloriflc quotient, mentioned above. 

4. The principle of similitude 

It has been possible, by indirect means, to 
demonstrate an energy requirement for differentia- 
tion and to elucidate certain problems of develop- 
ment (Tyler 1933-38). This work involves the 
employment of what is known as the principle of 
similitude or dimensional analysis. A systematic 
treatment of the methods of dimensional analysis 
is given by P. W. Bridgman (1931). Briefer ac- 
counts and applications are given by Rayleigh 
(1896, p. 429 ei seq.^ 1915), Kelvin and Tait (1903, 
p. 300 et seq,), Tolman (1914), Buckingham (1915, 
1921) and the Dictionary of Applied Physics {\922, 
vol. I, p. 81 et seq.). 

We need not, then, go into the details of the 
method here. The essential features of the prin- 
ciple are that the dimensional formulas of all quan- 
tities dealt with in formulating natural laws are 
expressible as products of powers of the funda- 
mental quantities and that all terms in any equa- 
tion having a physical signiflcance must have 
identical dimensions. Tolman (1914) considers 
the basic postulate as a relativity principle and 
states it as foUows: “The fundamental entities out 
of which the physical universe is constructed are 
of such a nature that from them a miniature uni- 
verse could be constructed exactly similar in every 
respect to the present universe.” 

The principle serves not only as a check on any 
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fonnula derived either on experimental or theoreti- 
cal grounds, but can be turned to advantage by 
providing a priori information regarding the forms 
which the results of any investigation ought to 
take. It is extremely useful in the preliminary 
analysis of any proposed problem. It is most 
extensively employed in model experiments, such 
as are made in aeronautics, in which it is desired to 
predict the behavior of a full scale machine or part 
from measurements made on a small scale model. 

According to Ptitter (1911), Galileo was evi- 
dently the first to employ the general principle for 
living as well as non-living structures. He showed 
that there must be a limit to the size of building or 
animal that could be constructed if the relative pro- 
portions of the structure and the kinds of building 
materials were unaltered. This follows from the 
difference in the way in which the structural 
strength and the weight vary with the dimensions. 
The former increases with the square of a linear 
dimension, the latter with the cube, so that there is 
a limit beyond which the structure collapses under 
its own weight. 

Spencer (1898, p. 155) employed this principle in 
discussing the sizes attained by various animals in 
relation to their habitat. He plausibly accounts, 
for example, for the fact that the Condor, which is 
the largest bird that can fly, weighs only 30 to 40 lb. 
and that no land animal of the size of the whale 
exists. Putter (1911, p. 884 et seq.) and D’Arcy 
W. Thompson (1915, 1916) made extensive use of 
the principle of similitude in discussions of the 
growth, the speed, the shape and the metabolism of 
animals. A recent application of this dimensional 
reasoning was made by Langmuir (1938) in show- 
ing that the often cited figures of 600 to 700 miles 
per hour for the speed of the deer-fly are not pos- 
sible. At such speed of flight this insect would 
have to consume its own weight of food every 
second, assuming that it has about the same ther- 
modynamic fuel efficiency as man. A more reason- 
able speed comes out to be about 25 miles per hour. 

These examples are presented here simply as 
illustrations of some applications that have been 
made of the principle of similitude. The work on 
dwarf embryos, which will next be discussed, repre- 
sents, I believe, the first attempt to apply the 
principle to a biological problem of experimental 
nature. 

5. Dwarf embryos 

To determine whether or not there is an energy 
requirement for differentiation it would, as we have 


already suggested, be advantageous to produce 
embryos in which we might expect the require- 
ments for differentiation to be altered without 
affecting growth and maintenance. It appeared 
(Tyler, 1933) that these conditions might ^ satis- 
fied by dwarf embryos, such as Driesdi (1891) first 
showed can be obtained by separation of the two 
cells of the two-cell stage of the sea-urchin egg. 
Since the amount of living material and also the 
rate of subsequent cleavage are unaltered by sepa- 
ration of the two cells, the two dwarf embryos 
should have the same maintenance and growth 
requirements as one whole embryo. The require- 
ments for the form changes of differentiation, how- 
ever, should be greater in the case of the two dwarf 
embryos. To show this we make use of the prin- 
ciple of similitude. We wish to determine the 
ratio of the energy required (work done) in the 
normal (full-sized) embryo to that in the dwarf 
embryo when both undergo similar changes in 
shape. The change in shape that we shall con- 
sider is that of gastrulation which is essentially the 
indentation (invagination) of a hollow sphere, but 
the results should apply to most of the other form 
changes that the embryo undergoes. 

The dwarf embryo is a small model of the normal 
embryo. It is not, however, a perfect model. 
Driesch’s (1891, 1900) and Morgan’s (1895, 1903) 
measurements on the dwarf embryos of the sea- 
urchin showed that, in the blastula and gastrula 
stages, the surface area (not the volume, as is often 
supposed) is one half of that of the normal embryo; 
also that at gastrulation the cells of the dwarf are 
of normal size, but one-half the normal number. 
The blastula wall at the time of gastrulation is then 
of the same thickness in the dwarf as in the normal 
embryo, which means that it is too thick in propor- 
tion to the size of the dwarf. 

The relations of the dimensions of the dwarf and 
normal blastulae are illustrated in Fig. 1. Since 
the surface area of the dwarf is one-half the normal, 
then if 17 is the normal diameter that of the dwarf 
is DI\/2, If the dwarf were geometrically similar 
to the normal its wall thickness should likewise 
be djy/l, where d is the normal wall thickness. 
A hypothetical dwarf of this wall thickness is illus- 
trated in Fig. lb. The actual dwarf blastula, of 
wall thickness d, is represented by Fig. Ic. 

We must compare first the normal embryo (Fig. 
la) with the geometrically similar hypothetical 
dwarf (Fig. lb). If the production of a deforma- 
tion characterized by the d^th^of invagination a 
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requires the force F in the normal embryo, then 
by the principle of similitude the similar deforma- 
tion, aly/2f in the hypothetical dwarf will require 
the force F/V2. The work done, or energy re- 
quired, in the hypothetical dwarf will be one-half 
that in the normal embryo. Now in proceeding 
from the hypothetical dwarf of wall thickness dJ\/2 


will then be Wl\/i, where W represents theenergy 
required to produce the deformation a in the nor- 
mal embryo. Two dwarf embryos will then have 
the energy requirement W's/l; that is, 1.41 times 
that of one normal embryo. The actual figures 
may very likely be quite different depending for 
one thing on how the forces vary with the wall 



Fig. 1. Diagram Showing the Relative Dimensions at the Time of Gastrulation 
a, normal embryo; by hypothetical, geometrically similar dwarf embryo; c, actual dwarf embryo from an 
isolated blastomere of the two cell stage. See text for further details. 


to the actual dwarf (Fig. Ic) of the original wall 
thickness d, it is evident that the latter will require 
a greater force than will the former in order to give 
a deformation characterized by a/y/ 2 in both cases. 
Just how much greater this force must be will 
depend on the way in which the force varies with 
the wall thickness. If we assume that it varies 
linearly with the first power, then, where Fd is the 
force required by the actual dwarf, 

Fd ^ 

F d 

V2 V2 

and Fd - F, The work done or energy required 
in producing the deformation aly/2 in the dwarf 


thickness, the solution of which is not readily 
obtained for a hoUow sphere. In any event it is 
evident that there will be a considerable increase 
in force required in going from the hypothetical 
dwarf to the actual dwarf. 

The expectation, then, is that for corresponding 
form changes there should be a greater energy 
requirement in the case of two dwarf embryos than 
in the case of one normal embryo. On the sim- 
plest assumption this increase should amount to 41 
per cent. This conclusion was tested experi- 
mentally by measurements of the respiration and 
rate of development of dwarf and normal embryos. 

{To he concluded) 





CONTRIBUTIONS TO THE PHYSIOLOGY OF FORM 
GENERATION IN THE DEVELOPMENT OF 
THE SEA URCHIN 

By per eric LINDAHL 
Stockholm 


A LMOST all of our knowledge about the 
physiology of form generation in 
ontogeny has been achieved by 
/ % studies on the eggs of the amphibians 

and the sea urchin. Although the 
development of these objects shows certain general 
features, probably due to common processes in 
the generation of form, they differ in other essen- 
tial points. Thus Needham in a review of de- 
velopmental physiology points out: ^Instead of 
primary and secondary organisers, workers on 
echinoderm development prefer to speak of a 
double gradient system. . . .’* It therefore seems 
necessary to the author to give a short survey of 
the development of this gradient hypothesis and 
the facts on which it is based. 

The first conception of a gradient as put forward 
by Boveri in 1901, was based upon the differentia- 
tion of isolated fragments. Besides morpho- 
genetic criteria for gradients, criteria based on 
considerations of physiological observations and 
protoplasmic structure have been put forward. 
Thus certain regions differ in some respects: (1) 
sensibility to destroying agents (Child, 1916; 
Runnstrom, 1925, 1928); (2) changes in the tend- 
ency of the embryonal regions to differentiate after 
suitable chemical treatment (Runnstrom, 1928; 
Lindahl, 1936); (3) distribution of potencies and 
capability of induction (Horstadius, 1935). (The 
term “induction’* here used by Horstadius has a 
wider meaning than that used for amphibia.) It 
is a striking fact that all these qualities are graded 
with a distinct continuity. If we, for instance, 
speak about a “vegetative organiser”, as was 
formerly done by Hdrstadius, it would be quite 
impossible to state its limits, some of its actions 
extending — although with diminishing force — all 
through the vegetal half. Therefore workers on 
sea urchin development prefer to use the term 
gradient instead of organizers. As a matter of 
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fact the conception of a double gradient system is 
adapted to the problems of determination in the 
early development of the sea urchin. Probably 
certain corresponding relations govern amphibian 
development, at the determination along the egg 
axis. 

That which is essential and new in the gradient 
hypothesis of Runnstrom (1928, 1929, 1931) is the 
antagonism between two principles existing as 
gradients along the egg axis, their highest intensity 
being found at the animal and vegetal poles re- 
spectively. This hypothesis was originally 
founded on two facts: (1) the removal or damaging 
(by lack of potassium or sulfate ions) of the vegetal 
region leads to supernormal extension of the most 
animal differentiation, the apical tuft; (2) the 
enlargement of the vegetal differentiations, mesen- 
chym and entoderm, caused by treatment with 
lithium ions, which at that time seemed to be based 
on an inhibition of the animal material. Later, 
however, it turned out that this mode of action 
of the Li‘''-action could not yet be considered as 
proved. Nevertheless this hypx) thesis has been 
confirmed in the most impressive way by the 
transplantation experiments carried out by Horsta- 
dius (Abstract, 1939). 

The action of the vegetal principle finds its 
expression in two different ways: (1) by an induc- 
tion of entodermal differentiations; (2) by restrain- 
ing the tendencies of extension of the most animal 
differentiation, the ciliated tuft. Thus the vegetal 
material differs from an organizer in the amphibian 
development, which only induces a certain differen- 
tiation. Without pa)ring attention for the moment 
to the inductive action of the vegetal materials, 
we will now turn to the capacity of vegetal parts 
transplanted into isolated animal halves of re- 
straining the tendency of extension of the animal 
differentiations. Experiments of Horstadius show 
micromere material to be twice as active as macro- 
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mm material. The same faculty is also present 
in the vegetative parts of the presumptive ecto- 
derm, though to a much lower degree. Thus the 
decrease of the vegetal principle is clearly demon- 
strated. The decrease of the animal principle 
along the egg axis can in the same manner be 
demonstrated by the number of micromeres neces- 
sary to cause the two most animal discs of cells 
of the 32-cell stage to differentiate into a normal 
pluteus. This number is four for the more animal 
disc and two for the less animal disc. 

The tendency of extension of the animal differen- 
tiations is the expression of the mentioned an- 
tagonism. The enlargement of the entoderm in 
isolated vegetal halves (Horstadius, 1939) demon- 
strates a corresponding, though less striking, 
tendency of the vegetal principle. The demon- 
strated earlier fixation of the determination 
(Runnstrom, 1928: Horstadius, 1939) in the vege- 
tal than in the animal egg-half suggests an explana- 
tion of the fact that the tendency of extension of 
the vegetal principle asserts itself to a smaller 
degree than the animal one. Apart from the 
inhibiting effect of the animal principle on the 
tendency of extension of the vegetal one, its 
organizing capability also shows itself in trans- 
plantation experiments. An animal half fused 
together with an inverted vegetal one forces its 
polarity to a large extent upon the latter (Horsta- 
dius, 1928). 

Besides the antagonism between the animal and 
vegetal principle which by extreme excess of the 
one can lead to complete extinction of the other, 
there is one more phenomenon appearing in isola- 
tion and transplantation experiments, obviously 
of great importance to the spatial realization of 
the two principles. Removal of the most animal 
material, which normally differentiates into the 
apical tuft, enables the less animal material to 
perform this differentiation. Removal of the 
skeleton forming material, the most vegetal one, 
causes the less vegetal material to form the skele- 
ton. The same phenomenon occurs in isolated 
equatorial fragments, in which the animal part 
differentiates into more animal structures and the 
vegetal part into more vegetal ones than either one 
does in its normal position (Hfirstadius, 1935) < 
Obviously the parts of the embryo containing the 
two principles in highest intensity exert inhibiting 
^ecUi restraining the realisation of the same prin- 
ciple in regions of lower intensity (Lindahl, 1936). 
This phenomenon is most striking in the devebp- 
nie^t of the isolated presumptive entomesoblast, 


where even ectoderm is formed (Hdrstadius, 1935). 
This regularity, which I would like to call ‘‘polar 
dominance” (not to be confused with the “physio- 
logical dominance” of Child, which has a much 
wider meaning) was already recognized in the 
vegetal region of the embryo by Boveri in 1901. 
The same phenomenon was later named Neukon- 
zentration der GefdUe by Hdrstadius (1935), and 
Entmischung by von Ubisch (1936), terms which 
can only be considered as formal descriptions. 

The animal and vegetal principles, the antag- 
onism between the two and the “polar dominance” 
existing within them are the bases of all regulation 
along the egg axis. They are also the condition 
of the so-called Ganzfaktor and the harmonious 
development in the developmental mechanics of 
the sea urchin egg. Besides these factors the 
instant of the definite fixation of determination 
in the different embryonic parts determines the 
shaping of isolated fragments, as well as their 
various combinations. 

It must be emphasized that the animal and 
vegetal graded principles have been demonstrated 
up to the present only in morphological experi- 
ments. Consequently they ought to be called 
“morphogenetic gradients.” 

The differentiation of an embryo or a fragment 
depends — as often pointed out by Horstadius — on 
the quantitative relation between the two prin- 
ciples. But also their spatial arrangement and the 
possibilities of influencing each other seem to be 
of great importance. Thus a stretching of the 
egg along the egg axis (Lindahl, 1932) or an 
equatorial constriction (Horstadius, 1939) causes 
an enlargement of the apical tuft. The readiest 
explanation of this phenomenon, as well as of other 
similar ones, is given by the assumption that the 
vegetal principle influences the animal by means 
of a diffusing compound, and the diffusion path 
being made less favorable by the treatments men- 
tioned (Lindahl, 1936). This does not, however, 
imply an indentification of this hypothetical 
compoimd with the vegetal principle itself (Child, 
1940). 

ON ALTERATIONS OF THE DETERMINATION BV 
CHEMICAL TREATMENT 

Nowadays nobody will deny that the vegetal 
and animal principles discussed are to be looked 
upon as the expression of certain metabolic 
processes (Child, 1940). The discovery of these 
processes must be one of the next tasks of de- 
velopmental physiology. 
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The relation between the animal and vegetal 
principles can be changed not only by micrurgical 
methods^ but also by destruction of certain regions 
of the embryo or interference with the metabolic 
processes upon which the two principles are based. 
Such a local destruction, caused by the environ- 
mental conditions, will chiefly be localized in the 
vegetal parts and can, for instance, be caused by 
lade of K'*'-ions (Runnstrom, 1925), treatment 
with SCN“ in hypotonic solution (Runnstrom, 
1928) or by a short treatment with weak Hg**" con- 
centrations (Lindahl, 1936). The changes of the 
vegetal material caused by lack of S04-ions should 
also be mentioned here. All these cases show an 
enlarged ciliated tuft in consequence of a partial 
or complete defidency of the vegetal principle. 

Far more interesting are the results obtained 
with complete embryos, which, without being 


recognition of such a circumstance, although not 
always possible, is of great importance, since 
otherwise false conclusions are likely to be drawn.) 
It may be conduded that the treatment chiefly 
inhibits or advances some metabolic processes of 
morphogenetic importance, leaving other vital 
processes undisturbed. The interference causing 
vegetalization which has been most investigated 
is the treatment of the fertilized egg with lithium 
ions according to Herbst. An animalization 
without destruction of vegetal embryo parts can 
be obtained by treating the unfertilized egg with 
sulfocyanide or iodide in the absence of caldum as 
first performed by the author (1933). 

The similarity between the morphological forms 
which were obtained on the one hand by Li’*' treat- 
ment and animalizing treatment and on the other 
by micrurgical methods (Figs. 2-3) is of great 


Animalijed Normal Vepetalijed 



Fig. 1. Diagram or the Displacement or Organ Limits in Embryos Animauzed by Treatment betore 
Fertilization and Vegetalized by Li'*' Treatment 

In the middle the presumptive meaning of the material in the normal development according to Horstadius 
1935. By aid of this scheme the distribution of the presumptive organs in the different cases of animalization 
and vegetalization has been drawn. Note the rotation of the plane of the oral field accompanying vegetalization. 


locally destroyed, become animalized or vegetal- 
ized by treatment with certain chemical agents. 
That is, they differentiate in a more vegetal or 
more animal way than normally. The terms 
“animalized^' and “vegetalized" are used to de- 
scribe briefly displacements of the organ limits 
(Fig. 1) in vegetal or animal direction. They do 
not coincide with “endodermization" or “ecto- 
dermization", since vegetalization does not neces- 
sarily include endodermization or animalization 
ectod^ermization. Being treated with a suitable 
dose the embryos will be able to live and differen- 
tiate. (A great difficulty in judging the develop- 
mental results in such experiments depends on 
the fact that the chemical treatment not only 
causes the intended changes in morphogenetic 
harmony, but also inhibits more or less the normal 
differentiation, without causing destruction. The 


importance in the analysis of the changes in the 
metabolism caused by the treatments in question. 
This concordance justifies the conclusion that the 
Li'*' treatment changes the relation between the two 
principles in such a way that the animal principle 
becomes weaker or the vegetal stronger. A com- 
bination of these two possibilities might also be 
considered. In the animalized embryos the treat- 
ment correspondingly either weakens the vegetal 
or strengthens the animal principle. 

Metabolism and determination 

Since the sea urchin embryo is a pronounced 
aerobic organism, it can be expected* that a great 
number of metabolic processes are directly or 
indirectly coupled with oxygen consumption. 
Thus a diminution or a reinforcement of certain 
metabolic processes may be observed in corre- 
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Fig. 2. Pa&acentrotus lividus, Embryos or 
Vegetal Type 

Upper row obtained by cutting down the animal 
material (from Hdrstadius, 1935) ; lower row by lithium 
ion treatment (from Lindahl and Ohman, 1938). 
ek ektoderm; en entoderm. 


consumption after the sudden rise at fertilization 
continuously increases during the first 24 hours of 
development. “There is no maximum, no S- 
shaped curve and no ‘rhythmic’ respiration.” 
Later, more detailed researches have revealed 
somewhat different facts. Thus the respiration 
during the first 6 cleavages increases according to 
an exponential function of time (Gray, 1927; 
Lindahl and Ohman, 1938). This increase grad- 
ually ceases and the oxygen consumption remains 
constant from two to two and a half hours (22.0‘’C). 
During this first period of development, lasting 
till shortly before the migration of the primary 
mesenchyme, the curve of respiration is S-shaped 
(Fig. 4). A further increase of respiration which 
begins suddenly, constitutes the limit between 



Fig, 3. Paracentrotus uvidus. Embryos of Animal Type 
Upper row obtained by cutting down the vestal material (from Hdrstadius, 1935 and 1936); lower row by ani- 
mali^g treatment before fertilization (from Lindahl, 1936), en entoderm; m stomodaeum. 


Ending changes in oxygen consumption, and 
measurements of the respiration might give some 
orientation about the changes caused in the 
metabolism. 

lEdUorial note: At this point in Dr. Lindahl’s manu- 
script a page number is missing. Since it is impos- 
sible to communicate with the author to ascertain 
whether there has been a misnumbering of the pages or 
whether a page has been lost in transit, the paper is 
being published in the form in which it has reached 
the Office of the Editor.] 

The changes of -normal respiration during 
development 

The^ rei^iration of the developing normal sea 
tirdiin egg was first investigated by Warburg 
(1915), He showed that the rate of oxygen 


this and the following period of development, 
which lasts till the end of gastrulation (Lindahl, 
1940). Characteristic for this second period is a 
constant increase in respiration, the migration of 
mesenchyme and gastrulation. During the third 
period of development the oxygen consumption 
still rises but much more slowly than earlier. At 
this time the differentiation of tissues and the 
formation of body shape is taking place. This 
period is arbitrarily considered to end with the 
breaking through of the mouth. The tissue 
differentiation and the formation of the body shape 
are far from being finished at this moment, but as 
the metabolism later on does not depend merely 
on materials stored in the egg, investigations of 
the metabolism in later stages are of less interest 
(Lindahl, 1940). A survey of the behavior of 
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normal respiration during these three periods of 
development is given in Fig. 5. 

On the action of sulfate ion deficiency 

At the end of the last century Herbst found that 
sulfate ions are necessary for the normal develop- 
ment of the sea urchin egg and that they are of 
importance only in the late blastula and later 
stages. Lack of 804 * leads especially to inhibi- 
tion of the vegetal parts of the embryo. The ento- 
dermal cells are opaque and yellowish and do not 
stretch themselves normally; thus the entodermal 
wall remains too thick and often not subdivided. 
The primary mesenchyme does not, as normally, 
arrange itself into the well-known skeleton-forming 
ring, but remains stored in the neighborhood of the 
intestine. This may be accounted for by the 
inhibition of factors in the mesenchyme cells or in 
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Fig. 4. Respihation of Paracentrotus uvidus Eggs 
AT 26.0®C AS A Function of Time 

Solid line ■« normal respiration; broken line ■■ 
respiration in 0.081 mol LiCl (from Lindahl, 1939). 

the ectoderm, which direct their movements. The 
region covered by the apical tuft extends itself 
and the limit between entoderm and ectoderm is 
shifted toward the vegetal pole. The bilateral 
organization is more or less suppressed. In ex- 
treme cases the embryos may become radially 
symmetrical. 

Though these experiments belong to those 
which have led to the conception of the antag- 
onistic principles, later research in this field has 
not brought the solution of the physiological 
problems of determination nearer, the lack of 
SOi* not exerting an action until the determining 
processes are to a great extent already passed. 
Nevertheless the localization of certain metabolic 
processes has been demonstrated in this way. 

The animalization which takes place here differs 
in many essential respects from that caused by 
treatment of the unfertilized egg. The inhibitions 


and structural disturbances go hand-in-hand with 
a slight reduction of oxygen consumption (Lindahl, 
1935), which appears simultaneously with the 
need of SO4"" and thus earlier than the visible 
inhibitory alterations. 

The r61e of the SO 4 " in the metabolism of the 
developing sea urchin egg is still unknown. It 
has, however, been shown that a culture in 804 *”- 
free sea water gives off more differentiation-inhibit- 
ing matter to the medium than does a culture in 
normal sea water (Lindahl and Stordal, 1937). To 
test this, the larvae were filtered away, the sea 
water completed and used as medium for freshly 
fertilized eggs. The formation of the inhibiting 
substance in the absence of 804 “ could be demon- 
strated still better after extraction of the whole 
cultures with ethyl ether (unpublished experi- 
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Fig. 5. Change in Respiration During Development 
OF THE Eggs of Two Different Females. 
Paracentrotus lividus 
T - 22.0*^ (from Lindahl, 1939) 


ments of the author). As in many other tissues 
and organisms, a phenosulfatase has also been 
demonstrated in the sea urchin egg (Lindahl, 
1936). Thus there is reason to assume, that 8 O 4 "" 
is needed for the detoxication of intermediary 
compounds containing cyclical hydroxyl groups. 
Whether these poisonous compounds are formed 
in connection with protein metabolism, as assumed 
for mammals, or with other processes, still remains 
a problem. Intermediary products in the forma- 
tion of the pigment echinochrome, which, according 
to recent research (Kuhn and Wallonfels, 1939), is 
a naphthoquinone derivative, may also be thought 
of. Remarkable is the simultaneous commence- 
ment of the need of 8 O 4 '* and of the increase in 
respiration just before the imgration of the skde- 




218 


THE QUARTERLY REVIEW OF BIOLOGY 


ton-forming cells. The fact that the vegetal 
region of the embr3ro — ^the chief seat of the forma- 
tion of toxic compounds in absence of SO4"" — ac- 
quires a much stronger power of reducing redox 
indicators just at this moment, suggests that new 
metabolic processes are beginning here. 

The general features of the disturbances caused 
by lack of SOi”” demonstrates a localization of the 
metabolic processes giving rise to the need for 804"* 
in the vegetal regions of the embryo. Further 
information has been obtained by keeping isolated 
animal and vegetal halves in an 804*" -free medium 
(Lindahl and 8tordal, 1937). The animal halves 
behave just as they would in normal sea water and 
are thus not able to form the toxic products. 
This statement can, however, not be extended to 
the animal half in its normal connection. Never- 
theless it may be concluded, that the toxic com- 
pounds are formed neither in the normal nor in 
the enlarged apical tuft. That enlargement of 
this structure is the same in the isolated animal 
half in 804*" -free as in normal sea water shows that 
the reactions controlling this process must have 
already come to an end, before the formation of 
die toxic compounds starts. Thus this formation 
appears with lack of 804", when the animalization 
in the isolated animal halves is restrained by 
treatment with a weak Li^-concentration (Lindahl 
and 8tordal, 1937). As entoderm still is missing 
in such cases, they demonstrate that the toxic 
compounds are also formed in the vegetal ecto- 
derm, though to a smaller extent. The same is 
suggested by results on entoderm-free embryos, 
obtained by treatment prior to fertilization. The 
stretching of the cells in the oral held appears to 
be especially influenced here, thus suggesting a 
diflerence between the dorsal and ventral sides 
with respect to these metabolic processes. 

Isolated vegetal halves in 80“4-free sea water 
are still more affected than the corresponding 
matenal in normal connection with the animal half 
(Lindahl and 8tordal, 1937). The best reason 
for this is, that the vegetal half, according to 
experiments of Hdrstadius (1936), has more 
vegetal character when isolated than under normal 
conditions. Other eiqplanations, taking into ac- 
count diffusion of the toxic compounds into the 
animal half, are also possible. By appropriate 
treatment with Li*'’, isolated animal halves may be 
brought to form entoderm (v. Ubisch, 1925). This 
entoderm in lackof 804*" behaves justas the normal 
entoderm of an entire embryo (Undahl and Stor- 
dal, 1937). From this we may conclude, that the 


metabolic processes leading to these toxic inter- 
mediary products are not confined to a certain 
material but to a certain determination and 
differentiation. Consequently these reactions are 
of no importance in the origination of the vegetal 
principle but are dependent on the latter and 
coincide largely with its extension. This is sup- 
ported by the fact that the production of toxic 
compounds in lack of 804*"-ions b initiated at a 
mu(^ later stage than that at which the morpho- 
genetic actions of the vegetal principle may be 
detected in transplantation experiments. 

The action of lithium ions on metabolism, 
protoplasmic structure, and morphology 

8ince determination is fixed pipgressively during 
the twelfth to sixteenth hour of development 
(Horstadius, 1936) and a vegetalization is only 
obtained by lithium treatment in earlier stages, 
interest has been concentrated on the metabolic 
processes of the first section of development. 
Brought into an egg suspension during the period 
of the e]q)onential increase of respiration, Li*** pro- 
duces an inhibition of the further increase without 
decreasing the already existing respiration. The 
quantitative relation between the Li^ concentration 
and the inhibition suggests a reaction between Li^ 
and an activator in the embryo following the law 
of mass action (Lindahl, 1936). The similar in- 
hibition of fermentation and respiration in yeast 
cells by Li'*' as well as the inhibition of the dehy- 
drogenation of hexosemono- and hexosediphos- 
phoric acids with broken eggs as enzyme material 
and methylene blue as acceptor (Lindahl, 1936), 
or in the presence of pyocyanine and oxygen as 
acceptor (Lindahl and Ohman, 1938), made it 
tempting to think that even in the living sea urchin 
embryo we are dealing with an inhibition of a car- 
bohydrate oxidation. 

To demonstrate the exponential increase of the 
respiration. Gray (1927) has already made the 
assumption that the respiration during cleavage 
consists of two parts, one constant and one in- 
creasing. The earlier measurements of respiration 
in Li''’-cultures apparently confirming this, it was 
attempted to support this idea by other facts. 
It was shown (Lindahl and Ohman, 1938) that the 
absolute activation of respiration by pyocyanine 
is the same shortly after fertilization and 9 hours 
later, though respiration has been doubled in the 
meantime. Thus the action of the pyoc3ranine 
seems not to affect that part of the respiration 
which has arisen between the two stages, but only 
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that existing shortly after fertilization. This will 
remain constant until the 9>hour stage and it later 
also begins to rise. The recent determinations of 
the respiratory quotient referred to below are in 
harmony with these results. 

The specific inhibitors of carbohydrate break- 
down offer a further possibility of penetrating into 
these problems, their action possibly being limited 
to the increasing part of the respiration, since 
carbohydrates would presumably be the substrates 
of this part. Monoiodoacetic acid amide does, 
however, not only suppress the building up of the 
increasing part of respiration, but inhibits also the 
re^iration already present shortly after fertiliza- 
tion. (Lindahl and Ohman, 1937). Glyceric 
aldehyde, the action of which on the glycolysis of 
the chick embryo has been intensively studied by 
Needham and his coworkers, inhibits principally 
the further increase of respiration when brought 
into the suspension immediately after fertilization, 
leaving unchanged the respiration already present 
(Lindahl, 1939). Later unpublished experiments 
of the author show, however, that higher concen- 
trations in the eggs of some females inhibit even 
the constant part of respiration, not only depres- 
sing the further increase as does Li*’" . Characteristic 
for this action is, however, a certain lag, suggesting 
secondary reactions at work. This lack of speci- 
ficity of the action of the glyceric aldehyde together 
with the heavy destruction of the embryos already 
brought about by weak concentrations, which 
inhibit the respiration only to a very small extent, 
may perhaps be accounted for by a reaction with 
amino groups. According to Lehmann and Need- 
ham (1938) a nonphosphorylating mechanism of 
glycolysis may be distinguished from a phosphory- 
lating one by means of the monomeric and dimeric 
forms of glyceric aldehyde. The respiration of 
the sea urchin embryo is equally affected by the 
two forms (Lindahl, 1940). 

The experiments with “specific” inhibitors of 
carbohydrate breakdown have so far not con- 
tributed to the elucidation of the r61e played by 
carbohydrates in sea urchin development. It 
seemed difficult, besides, to combine the idea of 
an increasing carbohydrate oxidation existing in 
addition to a constant one of another kind with 
an RQ of 0.90 in fertilized eggs. This value was 
first determined by Warburg (1915) and has later 
been confirmed by several authors (Lindahl, 1936). 
All these determinations are performed with the 
three-manometer method of Warburg, In un- 
published experiments of the author on the RQ 


during development of the sea urchin egg the 
same method was used and the fact established, 
that the pH of the cell suspension is lowered in 
the vessel, where the carbon dioxide formed is not 
absorbed. An equal respiration in the two vess^ 
provided with KOH and H 2 SO 4 respectively being 
the basis of the determination of RQ, this condi- 
tion can hardly be recognized as fulfilled, when the 
pH in one vessel is lowered. So a modification 
of the method of Meyerhof and Schmit was 
planned and preliminary experiments carried out 
by my coworker Ohman (1940). In the 1-2 hour 
stage, the RQ was found to be 0.73 zfcO.Ol, in 
the 7-8 hour stage 0.85 dt 0.01. Accordingly fat 
seems to be the chief substrate burned shortly after 
fertilization. A calculation of RQ of the part of 
respiration, arising between these two stages, 
assuming that the fat oxidation remains un- 
changed, reveals a value of 1.00. In fact this part 
of respiration appears to be an oxidative carhohy^ 
drate breakdown. The analysis of total carbohy- 
drate and fat (Ephnissi and Rapkine, 1928; Hayes, 
1938) do not contradict this interpretation. The 
data of Hayes present a constant decrease in total 
fat during the second to ninth hour of development. 
However these determinations seem to be impaired 
by great errors. 

As long as the respiration increases exponen- 
tially, Li'*' obviously acts on the metabolism in a 
fairly specific way. Added to the suspension 
shortly after this increase has ceased, it inhibits 
the respiration in another way (Lindahl, 1939). In 
this stage Li"*” inhibits not only the further increase 
of respiration but also the existing respiration. 
This inhibition does not reach its maximal value 
shortly after the addition of Li'*' as in earlier stages, 
but continues to increase. Furthermore, the 
inhibition of a certain Li^ concentration is inde- 
pendent of the temperature during the exponential 
increase of respiration (Lindahl and Ohman, 
1937), while the late inhibition is greater at higher 
than at lower temperatures (Lindahl, 1939). The 
embryos show a much more pronounced general 
sensitivity to Li'*' in these later stages than in 
earlier ones, culminating in destruction and death. 
It is, however, easy to suggest a causal connection 
between the changes in the colloidal structure of 
the protoplasm, caused by Li'*' (Runnstrom, 1928, 
1935) and more marked in the later stages, on the 
one hand, and the late inhibition of respiration 
and the general sensitivity of these stages on the 
other. Certainly a coarsening of the protoplasmic 
structure by the action of Li'*’ could be demon- 
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stiated in earlier stages (Runnstrdm, 1928; 
Lindahl, 1936). That this coarsening does not 
appear to determine the inhibition of respiration 
in earlier stages may be explained by the proto- 
plasmic colloids being considerably less sensitive 
in these stages. Further the protoplasmic struc- 
ture does not play the r61e of a limiting factor, the 
respiration already being depressed by the specific 
action. 

Now we must turn to the question whether 
there is any causal dependence between the inhibi- 
tion of metabolism and the vegetalization caused 
by Li'*’ or whether these two actions are to be 
looked upon as parallel phenomena. The first 
mentioned possibility would mean that the animal 
principle is connected directly or indirectly with 
the metabolic processes which are inhibited by 
Li"**. In favor of this may be cited the observa- 
tion that eggs, the respiration of which is less 
inhibited by Li’*’, will also be less vegetalized than 
those in which respiration is more inhibited. How- 
ever, a much better argument may be based on the 
following facts: Li**" inhibits reversibly the expo- 
nential increase of respiration. A short treatment 
thus causes a deficiency in metabolism, the amount 
of which depends on the duration of the treatment, 
the steepness of the respiration curve during the 
period of treatment, and the Li^ concentration. 
Treatment during short equal periods of time with 
the same concentration of Li'*' would thus cause 
deficiencies about proportional to the increase of 
respiration during the different periods. Were 
the vegetalization possibly caused by the de- 
ficiency in question, it too should vary in the same 
way. This is in fact the case (Lindahl, 1940). If 
embryos are treated in 3-hour periods (develop- 
mental temperature 22°C) from fertilization, then 
those treated during the first period show a weak, 
those during the second period a strong, and those 
in the third period again a weak vegetalization. 
G)mpare with this the S-shaped form of the 
re^iration curve in Figs. 4-5. Up to 9 hours 
after fertilization a short treatment thus causes a 
vegetalization which is weak or strong according 
to whether the curve of normal respiration is more 
or less steqp during the treatment. This result 
strengthens the hypothesis, that a causal relation 
oxists between the part of respiration inhibited by 
and the animal principle. It does not, how- 
ever, txdude the possibility that the increasing 
vespiiatfen and the metabolic processes condition- 
ing the animal principle run parallel. The latter 
would mean that the processes which constitute 


the basis of the increase of respiration and the 
animal principle, are enacted simultaneously and 
behave similarly towards Li***. 

After 9 hours from the time of fertilization Li*** 
treatment of short duration causes a very weak 
vegetalization or none at all. (Lindahl, 1940). 
Thus the inhibition of respiration induced by Li'*‘ 
in later stages has no direct relation to vegetaliza- 
tion (Lindahl, 1940). If, however, the treatment 
is started in earlier stages and extended over the 
12-hour stage, then it will exercise a stronger 
vegetalization the longer it is continued (H6rsta- 
dius, 1936; Lindahl, 1940). The treatment in 
earlier stages thus enables Li^ to exercise a vegetal- 
izing action in the later ones. This must signify 
that the fixation of the determination is delayed 
by the earlier Li**" treatment. Under these condi- 
tions either the same action of Li*** may be realized 
in the later stages as in the earlier ones, or Li^ 
exerts here another influence, which directly or 
indirectly leads to a stronger effect of the earlier 
intervention in the metabolism. 

It has often been attempted to gain insight into 
the mechanism of the morphological action of Li'*’ 
by combining the Li"*^ treatment with other 
agents. Thus elevation of the K^-concentration 
of the sea water weakens the vegetalizing action 
of Li**^ (Runnstrdm, 1928; Lindahl, 1936). This 
fact is, however, difficult to interpret, because an 
elevation of the K^-concentration by itself may 
lead to an enlargement of the apical tuft and 
consequently to an animalization, which appar- 
ently is realized by means of a weak injury of the 
vegetal material. Nevertheless, measurements 
show the respiration to be increased by the elevated 
K'*^-concentration (Lindahl, 1936). In combina- 
tion with Li'*' the depression caused by this ion is 
thus levelled by action of the higher K‘*’-concen- 
tration. A close study of the behavior of the two 
parts of respiration would in this case be rather 
difficult to carry out. 

The combination of Li'*'-treatment with different 
agents inhibiting the electron transfer in the 
respiratory mechanism has been intensively 
studied. Carbon monoxide (mixed with oxygen) 
(Runnstrdm, 1933) as well as KCN (Lindahl, 
1936) and partial anaerobiosis (Lindahl, 1940) 
strengthen the vegetalizing action of Li***. In the 
absence of Li*^ only CO causes a vegetalization 
(Runnstrdm, 1928; Hdrstadius and Strdmberg, 
1940), but it is said to produce an animalization 
in entire eggs as well. The interesting result 
(Hdrstadius and Strdmberg) that CO treatment 



PHYSIOLOGY OF FORM GENERATION 


221 


causes an animalization in animal halves and 
vegetalization in vegetal ones suggests an un- 
specific action bemg in play. The assumption 
that CO delays the fixation of the determination, 
thus giving the predominant principle in the two 
separated halves a chance of carrying itself 
through, offers a possibility of explanation. 

The equal action of the two respiratory poisons 
and the partial anaerobiosis when combined with 
Li"*” shows that we are hardly dealing with a specific 
quality of the two poisons. The oxidation-reduc- 
tion state of the cellular components is changed in 
the direction of being more reduced by the de- 
pression of electron transfer. It is thus possible 
that the substances on which Li"^ acts more or less 
directly are more influenced by Li*** when in a more 
reduced state (Runnstrom and Thomblom, 1936). 
Again, the depression of the electron transfer 
undoubtedly leads to disturbances of the proto- 
plasmic structure caused either by deficient sup- 
ply of energy or by accumulation of acid inter- 
mediary products. Combining Li'^ treatment 
with the action of weak organic acids strengthens, 
however, the vegetalization (Lindahl, 1940). 
Thus the strengthening caused by depression of 
respiration may as weU be referred to an accumu- 
lation of acid intermediary products as to changes 
in the oxidation-reduction state of certain systems 
in the cells. For the time being we may tenta- 
tively make the coarsening of the protoplasmic 
structure, which is common to the depression of 
oxygen trai^fer as well as the action of acids, 
responsible for the strengthening of the vegetal- 
ization by Li"^. This would trace an action of 
different agents back to one ground-phenomenon 
and would eventually even apply to the action of 
Li+-treatment extended over the 12-hour stage. 

There are many descriptions in the literature of 
exogastrulae obtained by the most different means 
and classed with embryos modified by Li*^ treat- 
ment. Nowadays it must be considered proved, 
that exogastrulation can appear as a consequence 
of vegetalization as well as of interventions into 
the gastrulation mechanism. In the latter case, 
the embryos are perfectly normally proportioned. 
The exogastrula is by no means identical with the 
vegetalized embryo. Detailed figures and state- 
ments prove the existence of vegetalized cases 
obtained with other agents than Li+, including 
such different treatments as carbon monoxide, 
auxin, janus green and crowding. Thus Li*** does 
not act specifically in the sense that it is the only 
agent causing vegetalization (Child, 1940). The 


action is, however, so far specific that Li**‘ inhibits 
certain metabolic processes, leaving others rela- 
tively unaffected. In this respect an agreement 
with other vegetalizing agents is to be expected. 

If the animal principle is connected with some 
kind of carbohydrate breakdown, as has been 
shown to be probable, it would be possible to pro- 
duce a vegetalization with the aid of compounds 
which selectively inhibit carbohydrate breakdown. 
Experiments of this kind, however, turned out 
negatively (Lindahl, 1940; Needham and Need- 
ham, 1940). This may depend on the fact that 
the inhibitors used — monoiodoacetic acid, glyceric 
aldehyde, phloridzin — not only inhibit the carbo- 
hydrate breakdown, but also other vital reactions, 
this being obvious from measurements of respira- 
tion as well as from destruction of the embryos 
(Lindahl, 1940). The same point of view may 
even serve as an explanation for the rather con- 
tradictory results obtained by Horstadius and 
Stromberg (1940). They found monoiodoacetate 
to cause an animalization in entire eggs and a 
vegetalization in animal halves. Treatment with 
phloridzin led in entire eggs to animalization, in 
isolated animal halves, on the other hand, to 
animalization as well as to vegetalization. In 
entire eggs treated with this compound before 
fertilization, the author obtained a vegetalization 
(Lindahl, 1940). 

Animalization by treatment before fertilization and its 
mechanism 

Sulfocyanide and, in the second place, iodide 
ions have shown themselves to be very active in 
causing animalization after treatment of un- 
fertilized eggs. Also other ions such as S 04 “, Br'*’, 
tartrate, Li"^ are able to bring about animalization 
in the same way, being, however, less efficient. 
In this rank belongs probably also an unknown 
compound, contained as an impurity in a KCl- 
preparation from Schering-Kahlbaum (proanalysi). 
It had the same action as the above-mentioned 
ions and could be removed by recrystallization 
(Lindahl and Ohman, 1938). As the treatment 
lasts several hours, it is necessary to eliminate 
those processes which lead to “overripeness” of the 
eggs and counteract the animalization. Since 
these reactions are bound to the presence of Ca- 
ions (Lindahl, 1936; Schechter, 1937), the treat- 
ment is performed in Ca‘‘‘+-free sea water. This 
is, however, by no means a necessary condition, 
but makes the method more reliable. 

It is obvious that the action in question is not a 
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specific one since it is brought about by such dif- 
ferent ions. Moreover the ions create certain condi- 
tions in the cell enabling specific reactions to take 
place. According to this, the animalization result- 
ing in some cases from a treatment with Ca++-free 
sea water alone (Lindahl, 1936) is not very surpris- 
ing. Certainly we are dealing with some kind of 
impurity in the chemicals used for the artificial 
Ca++-free sea water or in the vessels employed, 
which causes the same kind of alteration in the egg 
as the ions mentioned above. 

The oxygen consumption during the treatment 
has proved to be of decisive importance. If the 
treatment is carried out under an oxygen pressure 
of 2 per cent or less, in the dark in an atmosphere 
of 5 per cent 02 +95 per cent CO or in 6 • mol 
KCN, the animalization fails to appear (Lindahl, 
1936). In all these cases the respiration of the 
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Fig. 6. Embryos of Paracentrotus lividus Animal- 
IZED BY Treatment Before Fertilization 
(a) with vegetally situated skeleton forming cells 5, 
later forming an triradiate spicule, (b) with a Kcond- 
ary ciliary tuft in the same position (from Lindahl, 
1936). 

unfertilized egg is hardly inhibited at all, whereas 
an inhibition will appear as soon as the spon- 
taneous rise of respiration, first described by 
Warburg, takes place. (This phenomenon is 
considered by Tyler, Ricci and Horowitz (1938) 
to be the consequence of bacterial activity. How- 
ever, their experiments show that certain processes 
in the egg, connected with ‘‘ageing”, are of im- 
portance.) An increased respiration during the 
treatment thus seems to be the decisive process in 
animalization. The same is shown by experiments 
in which the oxygen consumption is accelerated 
daring the treatment, by addition of the reversible 
redox compound pyocyanine (Runnstrbm and 
Thfimblom, 1936). The animalizing process is 
here considerably accelerated. The specific re- 
action leading to animalization during the treat- 
m^t thus consbts in an oxidation or is coupled 


with such a reaction. Where these oxidations 
come in, is still completely unknown. Attenq)ts 
to measure the respiration during an animalizing 
treatment have never succeeded, because the 
animalization of the eggs always fails to appear 
when simultaneous measurements of the respira- 
tion are made. Probably certain very labile 
structural conditions in the cell, which are dis- 
turbed by shaking during measurement of respira- 
tion, play an important r61e in the processes leading 
to animalization. 

Measurements of respiration on animalized 
embryos during the exponential increase of 
respiration show striking divergences from the 
state of the normal embryo (Lindahl, 1936). One 
of these concerns the susceptibility of the respira- 
tion to Li'*', which has much increased. Thus 
certain metabolic systems are altered by the treat- 
ment. An interpretation of these facts is not yet 
possible, nor is it possible to decide whether the 
treatment primarily causes a weakening of the 
vegetal or a strengthening of the animal principle. 

When the animalization has proceeded so far 
that all vegetal organs have disappeared, one would 
e:q)ect further progress of this process to be mani- 
fested in a greater and greater increase of the apical 
tuft and the ciliated band at the expense of the 
lower epithelium. Instead we find (Fig. 6), that 
a new tuft takes the place of the skeleton-forming 
cells at the vegetal pole. That we are here indeed 
dealing with a new physiologically functioning 
animal pole, may be concluded from experiments 
in which eggs animalized by treatment before 
fertilization are exposed to the action of Li**^. In 
embryos which have been moderately animalized 
the vegetal differentiations will now appear and 
nearly normal or slightly vegetalized embryos 
develop. This is also the case in embryos which 
should have differentiated two apical tufts. How- 
ever, the mesenchyme and the entoderm are not, 
as in the normal egg, formed from the most vegetal 
material, which here gives rise to ectoderm, but 
from the material located just on the vegetal side 
of the egg equator (Fig. 7). Consequently, with- 
out any displacement of material, an inversion of 
the polarity has taken place in the vegetal third 
of the embryo. At present this phenomenon is 
most easily explained by aid of the “polar domi- 
nance”. At the moment during the animaliza- 
tion, at which the vegetal principle has been totally 
suppressed, the animal principle, in very low 
intensity, holds the vegetal region of the egg. 
Because of the great distance, the most vegetal 





PHYSIOLOGY OF FORM GENERATION 


223 


part of the egg will, however, be that least exposed 
to the inhibitory action emanating from the most 
animal parts and tending to suppress the animal 
principle in lower intensity. Thus, this is the 
only position where a secondary animal pole and 
apical tuft may arise. 

On the localization of certain metabolic processes 

The spatial arrangement of the animal and 
vegetal principles can be demonstrated by micro- 
ruigical methods, but because of the small size 
of the sea urchin egg — diameter about 80/Lt — the 
demonstration of localization of metabolic proc- 
esses meets with difficulties. Vital staining with 
redox indicators and the following of reduction 
under anaerobic conditions have demonstrated the 
existence of regions with different powers of 



Fig. 7. Embkyos or Paracentrotuf uvinns in 
Ditpekent Stages op Developicent, Animauzed 
BY Treatuent Bepore Fertiuzation and 
Treated with Lithiitu Ions Apter 
Fertilization 

The dotting shows the pigment ring of this species 
lying below the equator in the uncleaved egg (from 
Lin&hl, 1936). 

reduction. In otocytes and in various develop- 
mental stages up to the late blastula, a reduction 
gradient exists with the most rapidly reducing 
region at the animal pole (Child, 1936). Shortly 
before the migration of skeletal-forming cells a 
second reduction gradient app>ears, the primary 
mesench3ane cells becoming the most rapidly 
reducing cells of the organism. These two reduc- 
tion gradients remain until the prism stage, when 
the gradient pattern becomes more complicated 
in connection with the formation of stomodeum 
and arms. Striking is the simultaneous appear- 
ance of the vegetal reduction gradient, the sudden 
commencement of the further increase of respira- 
tion and the appearance of toxic intermediary 
products, normally depoisoned by SO"4. Under 
the action of Li'*' these two reduction gradients are, 
it is proposed, totally or partly obliterated or 
even reversed. 


The extent of the animal reduction gradient in 
the blastula stage b said to be closely related to 
the size of the future ectoderm and to vary, parallel 
with thb, under experimental conditions (Ranzi 
and Falkenheim, 1937). A limiting value, sepa- 
rating future entoderm and ectoderm, b claimed 
to have been demonstrated by aid of different rH 
indicators. 

Only the well-known micro methods of Linder- 
strdm-Lang and Holter have made quantitative 
measurements in different parts of sea urchin 
embryos possible. Measurements with aid of the 
diver method of Linderstr5m-Lang on isolated 
animal and vegetal halves have shown the respira- 
tion to be equal in the two fragments in the 1-9 
hour period as well as 12 and 28 hours after 
fertilization (Lindahl and Holter, 1940). Thb 
means that Child’s conception of a respi^tion 
gradient, with its highest intensity at the animal 
pole as the basb of polarity, cannot be valid. 
Because of technical difficulties measurements of 
respiration on animal and vegetal halves are not 
possible shortly after fertilization. Though equal 
in the 7-9 hours stage, the respiration of the two 
fragments might be different shortly after ferti- 
lization, the increasing part of respiration being 
chiefly limited to the animal half. Against such a 
localization may be put the equal inhibition or 
activation of re^iration caused by Li*^, glyceric 
aldehyde, or pyocyanine in the two halves. (The 
experiments with Li'*' are here less condusive, the 
measurements being performed after the end of 
the exponential increase of respiration. In thb 
stage the late unspecific kind of inhibition enters.) 
Although the vegetal reduction gradient appears 
simultaneously with the sudden commencement 
of the further increase in respiration shortly before 
the migration of the primary mesenchyme, thb 
increase seems not to be limited to the vegetal 
half, the two halves showing the same C)2-consump- 
tion 12 as well as 14 hours after fertilization (Lin- 
dahl and Holter, 1940) . Thus several facts suggest 
that the reducing, substrate activating systems of 
the embryo are not the limiting factors in oxygen 
consumption, which is more likely to be located in 
the electron transporting chain of respiration. 
Similar conditions also seem to be found in the 
amphibbn embryo, where the stated differences 
in oxygen consumption between different regi<ms 
of the embryo do not nearly attain the magnitude 
of those found in anaerobic glycolysb. 

Animal and vegetal materbb have furthermore 
been shown to contain equal amounts of dipepti- 
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dase in early cleavage stages as well as in blastulae 
and plutei (Holter and Lindahl, 1940) and no 
changes could be demonstrated during develop- 
ment. 

It is thus obvious that a localization of meta- 
bolic processes as the basis of the animal and the 
vegetal principles has not yet been demonstrated. 

ON THE DETERMINATION OF THE DORSO- 
VENTRAL AXIS 

If a segmenting sea urchin egg is dissected by 
meridional cuts, then the fragments obtained, even 
if they are eighths of the entire egg, acquire dorso- 
ventral organization. This ^hows that the deter- 
mination of the dorso-ventral axis is very labile in 
this stage and that each part of the circumference 
may develop into the ventral or dorsal side. What 
is the mechanism guaranteeing the occurrence of 
only one ventral side in the normal embryo? 
Concerning this problem the results of some ex- 
periments give information. If unfertilized sea 
urchin eggs are forced through a narrow pipette 
and immediately fertilized they maintain elongated 
form. If this form remains suf&dently during 
development, two ventral sides (oral fields) appear, 
one at each of the two ends (Lindahl, 1932) . From 
this result it appears, that a ventral side suppresses 
the genesis of other ventral sides in the embryo. 
This conclusion is also supported by constriction 
experiments (Horstadius, 1938). If the distance 
between two parts of the circuit of the egg equator 
exceeds a certain value, or if the contact between 
such parts is greatly diminished by a constriction, 
the suppressive action of the ventral side does not 
assert itself through the entire egg. 

Certain facts indicate that the ventral side 
arises independently of the point of entrance of the 
sperm (Horstadius, 1928) but is conditioned by 
certain local colloidal structures of the cortex 
(Fdrster and Orstrom, 1933). It seems further to 
be favored in some respects in reference to other 
parts of the egg and is thus superior to them, as 
may be concluded from experiments with stretched 
^;gs (Lindahl, 1932). Here the end of the egg, 
which passes first through the narrow pipette and 
which is subjected to a stretching, develops into 
the ventral side. If, however, this end is poisoned 
by very strong vital staining with Nile Blue Sul- 
&te, t^ tile other end, which is now relatively 
favo^, becomes the ventral side. This view is 
further supported by recent experiments by 
Pease (1940), in which the eggs are brought during 


cleavage into a diffusion gradient of various 
poisons, the part of the egg treated with the bwest 
concentration developing into the ventral side. 
Moreover, we know that stretching of eggs by 
means of centrifuging increases the activity of the 
indophenol blue oxidase (Navez and Harv^, 
1935) as well as of the normal dehydrogenase 
system (Ballentine, 1940). Unpublished experi- 
ments of H. Holter and the author have, however, 
shown the respiration to be equal after fertilization 
in normal eggs and in those stretched by means of 
a narrow pipette. 

It is possible to influence the position of the 
ventral side and consequently the dorso- 
ventral axis by centrifuging (Runnstrdm, 1925; 
Lindahl, 1932; Pease, 1939). The protoplasmic 
inclusions accumulated in one part of the egg and 
remaining there during development, seem to be 
the important factor, the ventral side arising in 
that part or its neighborhood. One cannot escape 
from the impression, that the presumptive “pre- 
existing” dorso-ventral polarity, in many cases of 
centrifuged eggs, co-operates with the stratified 
inclusions in localizing the ventral side, since it 
often appears at some distance from the former 
(Lindahl, 1932). This fact led Pease (1939) to 
the hypothesis, that the ventral side in the normal 
egg is determined by at least two factors, one of 
which is a cortical gradient and the other a dif- 
fusely distributed substance in the interior. In 
the centrifuged egg the ventral side is thought to 
be determined in the region of the greatest inter- 
activity between these two systems. 

Measurements on eggs fragmented by centrifu- 
gation show a higher dehydrogenase activity of 
centrifugal fragments than of centripetal ones, 
which suggests that part of the dehydrogenase 
system is associated with the granular material 
(Ballentine, 1940). Centrifugal fragments show 
a higher respiration than centripetal ones (Sha- 
piro, 1935). At fertilization the oxygen consump- 
tion of the latter rises, and becomes about the 
same in the two types of fragments. 

There thus appear certain possibilities of asso- 
ciating the experimentally induced local “favor- 
ing,” which leads to the development of the ven- 
tral side at a certain place, with local changes in 
metabolism. Especially interesting are the experi- 
ments of Pease already mentioned. Here the 
eggs are brought into a concentration of various 
substances, of which cyanide, picric add, 2,4 
dinitrophenol, uTethane, iodoacetic add, iodine 
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and ferricyanide were effective in orienting the 
dorso-ventral axis, the most inhibited region be- 
coming dorsal, the least inhibited ventraL Ex- 
periments performed, with malonic add, arsenate, 
heavy metal salts, and various alkaloids gave 
negative results. The fact that local inhibition 
of deavage does not necessarily modify the bi- 
lateral determination leads to the condusion that 
this is not dependent upon a vague ^'metabolic 
gradient,” but upon a specific enzyme (Pease, 
1940). As the whole respiration of the sea urchin 
egg according to recent results (Lindahl, 1939) 
must be considered to be cyanide sensitive, the 
experiments with KCN show that oxidation- 
reductions are involved under these conditions. 

A further very much discussed result may be 
explained by the fact that the ventral side sup- 
presses the genesis of other ventral sides. When 
2 — 32 cell stages are cut frontally the dorso-ventral 
axis of the dorsal fragment is inverted. The ven- 
tral side thus takes the place of the original dorsal 
side. It further differentiates much more slowly 
than the ventral side of the ventral fragment. In 
the entire embryo, the original dorsal side is the 
region that has been the least exposed to the sup- 
pressive action of the ventral side and is thus the 
favored region in the dorsal fragment. 

Many facts show a close relation to exist be- 
tween the origination of the dorso-ventral axis and 
the animal and vegetal principles. Thus the size 
of the ventral differentiations of the ectoderm, the 
ciliated band and the oral field are conditioned by 
the animal-vegetal relation. In animalized em- 
bryos they increase at the cost of the low dorsal 
epithelium, in vegetalized embryos they decrease. 
From certain stretching experiments the author 
(Lindahl, 1932, 1936) concluded, that a co-opera- 
tion of animal and vegetal qualities is necessary for 
the origination of the organizing presumptive 
ventral side. The isolation experiments of H6r- 
stadius supplement this view very well. The 
most extreme animal and vegetal fragments de- 
velop into radially symmetrical structures. If, 
however, they are united in one embryo, bilateral 
organization appears. 

Several attempts have been made to relate hypo- 
thetically the origination of the dorso-ventral 
organization with the animal and vegetal prin- 
ciples. On the one side an oblique course of the 
vegetal gradient has been purposed (Runnstrom, 


1928; Schleip, 1929), the ventral side being more 
vegetal than the dorsal one. On the other hand 
the possibility is discussed that both the principles 
are realized to a higher degree on the ventral than 
on the dorsal side (Lindahl, 1932, 1936). The 
latter state could possibly be attained by more 
favorable diffusion conditions for specifically 
acting substances provided by special colloid 
structures on the ventral side. As a matter of 
fact the protoplasmic colloids of the ventral side 
behave differently from those of the dorsal side. 
In favor of these two h 3 qx)theses observations on 
vegetalized, constricted and stretched embryos 
are quoted. A decision by means of microrurgical 
experiments seems possible only for the first hy- 
pothesis. The experiments performed hitherto 
do not show any greater extension of the vegetal 
qualities on the ventral than on the dorsal side 
(Hbrstadius and Wolsky, 1936). 

The indispensability of co-operation between 
the two principles for the origination of the dorso- 
ventral organization has been established. On 
the other hand it is debatable whether the exis- 
tence of vegetal and animal qualities in higher 
intensity on the ventral than on the dorsal side is 
to be looked at rather as a consequence than as a 
condition. Certain cases in which great local 
discontinuities in the ‘‘morphogenetic gradients” 
are experimentally applied, without determining 
the ventral side (Horstadius, 1939), sujggest that 
such conditions cannot in themselves be deciding. 
At present the assumption of a “favored” region, 
in elongated eggs the stretched end, in fragments 
and fused embryo parts the presumptive ventral 
side, seems to offer sufficient explanation. 

The determination of the asymmetry axis is 
governed by conditions similar to that of the 
dorso-ventral one. Here also we are dealing with 
a heteropolar axis, the left-right one which be- 
comes the apico-basal axis of the adult sea urchin. 
At both ends of this axis hydrocoeles may be 
formed. The obvious favoring of the one side, in 
normal development the left one, suppresses the 
formation of a hydrocoel on the other side (Hdr- 
stadius, 1933), thus determining the polarity of the 
axis. However, there is a great difference. The 
dorso-ventral axis may fall in each meridional 
plane, whereas the direciion of the asymmetry axis 
is already determined by the fixation of the dorso- 
ventral axis. 
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RUDIMENTARY DIGITS IN PRIMATES 
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T |H£ Primates are among the most 
generalized of mammals in that they 
possess five well-developed digits on 
both manus and pes. While this is true 
of most members of the order, a few 
forms nevertheless depart from the ordinal rule. 
In these species, one or more digits normally are 
so under-developed that they must be regarded as 
stunted or even rudimentary. This condition 
usually is more than merely dimensional in nature, 
for, as will be shown, it commonly involves 
external characters, skeleton, and musculature. 
Such type of stunted digit, normal for a given 
species, falls into a different category from those 
anomalous rudiments that occasionally occur in 
man and other primates as well (see Schultz, 1942). 
The latter do not lie within the scope of this paper. 

FOOT 

Fifth toe 

Man. As is well known, the fifth toe of man 
decidedly is disposed toward a stunted condition. 
Wood Jones (1918, p, 79) has succinctly described 
its dwarfed nature: 

Usually it is but a poor thing; its nail is ill developed, 
and at times no nail is present. It is peculiarly liable 
to that circulatory disturbance which manifests itself 
in chilblains, and not uncommonly it seems in a poor 
state of nutrition. Most people possess but little 
power oi movement in it, and its skeleton shows that 
its atrof^c condition has affected the bones and joints, 
for the last two phalanges are very commonly fused 
together, making it short of a joint as compared with 
the rest of the toes. Very commonly its axis is not 
straight, and the toe is hiunped up and also somewhat 
bent laterally. 

He also pointed out that this cannot be attributed 
to the wearing of shoes, as often believed, since the 
little toe exhibits similar characteristics in bare- 
footed groups of man. 

Fusion of the last two phalanges of the fifth toe, 


or lack of the middle phalanx — sometimes called 
“brachyphalangy” — is not uncommon in both 
whites and Negroes (cf. Pfitzner, 1896; Schultz, 
1926a; Straus, 1927) and is normal in Japanese 
(Adachi, 1905; Hasebe, 1912). Its occurrence in 
fetuses proves its congenital * nature (Schultz, 
1926a; Straus, 1927). 

The muscles of the fifth toe, however, are not 
uniquely atrophic in man. On the plantar surface, 
as normally in other primates, there is a long 
fiexor tendon, a tendon from the flexor digitorum 
brevis, an abductor digiti quinti, a lumbrical, 
a flexor-opponens digiti quinti brevis, and a plantar 
interosseous. The tendon of the flexor digitorum 
brevis, however, is absent in some 20 per cent or 
more of individuals; yet the anthropoid apes also 
are in default of this tendon at least as frequently 
(Straus, 1930a). The lumbrical muscle likewise 
may be lacking, but possibly no more often than 
that of other toes. A contrahens digiti quinti, a 
basic pedal muscle, does not occur in man; but its 
normal suppression again is shared with the three 
great anthropoid apes. 

Dorsally, man’s fifth toe possesses a digital 
tendon from the extensor digitorum longus, while a 
peroneus brevis and a peroneus tertius are inserted 
upon its metatarsal bone. The latter, as a normal 
structure, is indeed a human peculiarity, although 
appearing as a variant in other catarrhine primates, 
notably the gorilla (cf. Straus, 1930a; Wells, 1935). 
A second extensor of the minimus, the peroneus 
digiti quinti, is normal for lemurs, Tarsius and 
monkeys; it is lacking, except as a rudimentary 
variant, not only in man but in the anthropoid 
apes as well (Straus, 1930a). 

The muscles of the fifth toe, therefore, do show 
certain atrophic tendencies in both man and the 
anthropoid apes when comparison is made with 
other primates. But the skeleton of this digit 
seems to be affected only in man; for, to my 
knowledge, brachyphalangy or a similar condition 
has not been reported for any other primate. 
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Second toe 

Among primates as a whole, the second toe 
is well-developed. There are three phalanges, of 
which the terminal bears a nail. On them are 
inserted eight muscles: 6 plantar — a long flexor 
tendon (from the flexor digitorum tibialis or the 
flexor digitorum fibularis, or both), a short flexor 
tendon (from the flexor digitorum brevis), a 
lumbrical, a contrahens, and a pair of interossei — 
and 2 dorsal — a tendon from the extensor digi- 
torum longus and a slip of the extensor digitorum 
brevis. 



Nycticebus (from Medlo, after Murie and 

Mivart) 

The pincers-like form of the foot in Nycticebus 
clearly is evident; this is concealed in the drawing of 
Perodicticus, for the hallux is shown in a somewhat 
adducted position. 

Lorisidae. The slow lemurs, forming the family 
Lorisidae, all possess stunted second toes. In 
the lorises, Nycticebus (Fig. 1) and Loris — so 
closely related zoologically that they often are 
confused with each other— the second pedal digit 
is relatively quite short. Although there are 
three phalanges, these are comparatively abbre- 
viated, the middle being especially small. A 
nail, daw-like as in other lemurs, is present. The 
foot musculature has been rather thoroughly 
described by Murie and Mivart (1872), while 
Ruge (1878, a and b), Glaesmer (1910), Sawali- 
schin (1911) and Forster (1933b) have supplied 
additional information. The muscular equipment 


of the second toe appears to be complete save for 
the frequent absence of a tendon from the flexor 
digitorum brevis (absent in 4 Nycticebus: Murie 
and Mivart (1), Forster (3); present in 4 Nyctice- 
bus: Sawalischin; present in 1 Loris: Gla^mer) 
and the lack of the lumbrical (in Nycticebus: 
Murie and Mivart). The former condition is 
virtually unique among primates, but this particu- 
lar lumbrical occasionally is missing in catarrhine 
monkeys (Ribbing, 1909) and man (Le Double, 
1897). The tendon of the extensor digitorum 
longus is weaker than the corresponding slips 
to the other toes, this in both genera (Murie and 
Mivart); yet this also can occur in catarrhine 
primates (Straus, 1930a). 

In the other Lorisidae, namely, the potto, 
Perodicticus (Fig. 1), and the closely allied angwin- 



Fig. 2. Dorsal Aspect or the Left Foot of 
Perodicticus potto 

The pincers-like arrangement resembles that of 
Nyctice^. Note the ab^nce of a tendon from the 
extensor digitorum longus (e. d. 1.) to the stimted 
second toe. 

tibo, Arctocebus, the second toe similarly is stunted 
(for ArctocebuSy see Huxley, 1864a). The external 
and skeletal characters resemble those of the 
Nycticebus-Loris group. The associated muscula- 
ture, however, differs somewhat, at least in 
Perodicticus, A description of the myology of 
Arctocebus seems not to have been published, and 
no specimen was available to me for study. The 
following account of the muscles of Perodicticus 
is derived from my dissection of a specimen of 
P, potto (W. L. S.), supplemented by data given 
by Van Campcn (1859), Glaesmer (1910), Hunter 
(1925), Mackenzie (1931), and Forster (1933b). 
For the second toe, there is the normal primate 
complement except for the regular absence of a 
tendon from the extensor digitorum longus, which 
is present but weak in the other lorises (Fig. 2). 
This tendon was wholly lacking in 4 animals 
(Hunter, MacKenzie, Van Campen, W. L. S.), 
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present as a thin filament in one other (Forster). 
It should be noted, however, that absence of said 
tendon is not entirely peculiar to the pottos, 
although a normal character in them alone: for it 
occasionaUy is missing in orang-utans and colobine 



Fio. 3. Right Feet of Orang-utan (Pongo) and 
Crucpanzee (Pan). Both after Miolo 
The rudimentary hallux of the orang contrasts markedly 
with the powerful hallux of the chimpanzee. 


— ^long fiexor, lumbrical, contrahens, interosseii 
short extensor — ^to be well-developed. 

HaUux 

As a rule, the hallux, or vernacular “big toe”, 
is strongly developed in primates. Upon its two 
phalanges are inserted six muscles, 4 plantar — 
a long flexor tendon (derived from one or both of 
the long crural digital flexors), an abductor 
hallucis, a flexor hallucis brevis, and an adductor 
hallucis — and 2 dorsal — an extensor hallucis longus 
and a slip of the extensor digitorum brevis — ^while 
to its metatarsal bone are attached the peroneus 
longus and a portion of the tibialis anterior. 

Orang-utan, Of all primates, only the orang- 
utan possesses a rudimentary liallux (Fig. 3). 
Indeed, its stunting is far more extreme than that 
of any digit thus far discussed. Absence of the 
terminal phalanx occurred in over half the cases 
studied by Schultz (1941) and always was accom- 
panied by absence of the nail. Yerkes and Yerkes 
(1929) suggested that this condition may be the 
result of self-mutilation brought on by dietary 
deficiency, endocrine disturbance, or some neuro- 
pathic state. Its occurrence in fetal life (Schultz, 



Fro. 4. Diagrams Showing the Arrangement of the Long Flexor Muscles of the Toes — Flexor 
Digitorum Tibialis and Flexor Digitorum Fibularis— in Orang-utan (A) and Chimpanzee 

AND Gorilla (B) 

The orang normally has no trace of a tendon to the hallux. 


monke3r8 (cf. Straus, 1930a), and even, as an 1936), however, is sufficient negation of such 
extresQ^ rare anomaly, in man. The tendon of traumatic origin. 

the fkioor digitorum brevis to the second toe of The foot musculature of an orang that I studied 
FtroiicHcus, furthermore, may be weak (W. L. S.) already has been reported upon together with data 
or even rudimentary (Forster). On the other from the literature (Straus, 1930a). In general, 
hand, I found the remaining muscles of that digit the orang regularly possesses the full complement 
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of hallucal musdes, save that — in correlation 
with the abortive character or absence of the 
terminal phalanx — a long flexor tendon normally is 
wholly absent (Fig. 4, A). Of 23 orang-utans 
reported upon (Barnard; Beddard; Bischoff, 1870; 
Boyer; Brooks, 1888; Chapman, 1880; Church; 
Fi^, 1895a and 1895b (2 animals); Glaesmer; 
Gratiolet and Alix; HafPerl; Hartmann; Hepburn; 
Huxley, 1864b; Langer; Michaelis; Owen; Prim- 
rose; Sonntag, 1924; C. Stewart; Straus, 1930a; 
Testut, 1884), this tendon was entirely lacking in 
21 animals. Of the remaining two, one possessed 
a functionless rudiment disconnected from musde 


more marked stunting implicates the correspond- 
ing digit of their hands. 

In both Nyaicebus and Laris, the index fihger 
possesses three phalanges and a nail. The 
phalanges — especially the middle and terminal — 
however, are comparatively quite short, producing 
a stunted appearance (Fig. 5). Among primates, 
eight muscles normally are inserted upon the 
second finger, of which 6 are volar — a tendon from 
the flexor digitorum sublimis, one from the flexor 
digitorum profundus, a lumbrical, a contrahens 
and 2 interossei, sometimes subdivided — and 2 
dorsal — a tendon from the extensor digitorum 





Fig. 5. Right Hands op Nycticebus, Lemuk and Perodicticus. All after MmLO 
The pincers-like form of the manus in Nycticebus and Perodicticus is not evident, for their thumbs are pictured 
somewhat adducted. The second finger is stunted in Nycticebus and a mere rudiment in Perodicticus, this con- 
trasting strikingly with Lemur. 


fibers and restricted to the hallux itself (BischofiO; 
the other had a hallucal tendon from the flexor 
digitorum tibialis (Barnard). The presumed 
rudiments described by Brooks and Langer fall 
into the doubtful category. 

These hallucal characters of the orang-utan 
are unique among the primates and are not even 
suggested in any other member of the order. 

HAND 

Second finger 

Lorisidae. The Lorisidae, as noted above, differ 
from other lemurs in their tendency toward 
dwarfing of the second toe. A similar but even 


communis, and one from the extensor digitorum 
profundus. The flexor carpi radialis and the 
extensor carpi, radialis longus are attached to the 
base of the metacar[>al bone. Data for the mus- 
cles of Nycticebus and Loris are given by Murie 
and Mivart (1872), Kajava (1911), and Forster 
(1917). In these animals, the musculature of the 
index finger apparently is normal except for the 
absence of the tendon from the flexor digitorum 
sublimis. Default of this particular tendon has 
not been reported, in my knowledge, for any 
primate save the Lorisidae, except as an extremely 
rare anomaly in man (cf. Le Double). 

The index finger of both Perodicticus and Arc- 
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tacebus is far more stunted, being truly rudimen- 
tary. Externally, that digit appears as little 
more than a nailless tuberde (Fig. 5). In Pefodic- 
iicus, there are but two short phalanges, and even 
the metacarpal bone is abbreviated. Arctocebus 
is identical in this respect (Huxley, 1864a; EUiot, 
1913). The assodated musculature of Perodicticus 
is extremely defident (Fig. 6, A). There is no 
long flexor tendon from either the flexor digitorum 
sublimis or the flexor digitorum profundus (Forster, 
1933b; Van Campen; W. L. S.), no lumbrical 
(Kajava, 1911; W. L. S.), and no tendon from the 
extensor digitorum communis (Forster, 1933, a 
and b; Van Campen; Straus, 1941). A distal 


the two phalanges and metacarpal bone of the 
primate ^umb, 5 volar — a tendon of the flexor 
digitorum profundus (or its flexor pollicis longus 
portion), an abductor poUids brevis, a flexor 
pollicis brevis superflcialis, an opponens pollids, 
and an adductor pollicis — and 2 dorsal — ^an exten- 
sor pollicis longus, either separate or as a slip of an 
extensor pollicis et indicis longus, and an abductor 
pollicis longus. A flexor pollicis brevis profundus 
(interosseus volaris primus of Henle) is of very 
irregular and variable occurrence throughout the 
entire order. The extensor pollicis brevis, of late 
evolutionary appearance, is constant only in man 
(Straus, 1941). 



Fig. 6. Diagkams of the Long Flexor Muscles of the Fingers and the Associated Lumbrical 
Muscles in Perodicticus (A) and Lemur (B) 

Lemur, which possesses an essentially generalized primate arrangement of these muscles, is included for com- 
parison with Perodicticus, Note that there are no long flexor tendons (from flexor digitorum sublimis and flexor 
mgitorum profundus) and no lumbrical for the second finger of Perodicticus, 


rudiment of the last-named possibly may occur, 
however (Straus, 1941). The other normal 
primate musdes are present. No data for Arctoce- 
bus are obtainable. 

Thumb 

The thumb is more liable to defective or incom- 
plete development than any other primate digit. 
This phenomenon, moreover, has a relatively wide 
familial distribution, occurring in both platyrrhine 
— Aides, Brachytekssjid catarrhine Anthro- 
poiiear-Cotobus, orang-utan, chimpanzee, gorilla. 
It affects neither Lemuroidea nor Tarsioidea, 
however. 

There r^;ularly are seven muscles attached to 


Ateliftae, The coaitas or spider monkeys 
Aides and Brachy teles, of the plat 3 m:hine family 
Cebidae, normally lack an external thumb (Figs. 
7 and 9, no. 7), hence their generic names (aides, 
Gr., meaning “without end” or “imperfect”). 
Their variability respecting this feature has been 
thoroughly discussed by both Pocock (1925) and 
Schultz (1925, 1926b). An external thumb can 
appear in both genera (Fig. 9, no. 6), but is rela- 
tively rare in Ateles at least. In this genus, 
Schultz (1926b) found a free thumb in only 2 
(in both unilaterally) of 58 animals. 

Even though there be no external poUex, its 
rudimentary skeleton regularly is present, hidden 
beneath the skin. This usually comprises a sm al l 
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metacarpal bone and a single, minute phalanx 
(Elze, Rower, Leche, Huxley, 1883). Elze (1910) 
believed that the phalanx actually represented a 
sesamoid bone, but there seems to be no doubt of 
its true phalangeal nature in some specimens. 

When an actual external thumb occurs, this 
contains a metacarpal bone accompanied by 
either two fused phalanges (Schultz) or a single 
prominent phalanx (W. L. S.). In an adult 
Aieles geqffroyi (J. H. Anat. no. 351) that I dis- 
sected, a well-developed though short external 
thumb appeared on each hand. On the right hand, 
this measured 13.5 mm. from free base to tip and 
had a mean circumference of about 23 mm. There 
was no trace of a nail. Internally, there was a 
rather stout metacarpal bone 25 mm. long (meta- 
carpale II was 45 mm. long) and a single phalanx 
16 mm. long and 2.5 mm. wide and 2 mm. thick 
at its middle. 

The pollical musculature of A teles generally is 
rudimentary, although variable in its development. 
The following discussion is based upon three 
specimens of A teles geoffroyi that I studied (J. H. 
Anat. nos. 47, 150, and 351, all collected by Dr. 
A. H. Schultz in Chiriqui), as well as upon the 
the literature. My notes for no. 1 50 unfortunately 
are incomplete. No. 351 possessed an external 
thumb (vide supra), while nos. 47 and 150 both 
had only the customary internal rudiments. In 
normal coaitas, lacking outer thumbs there is no 
trace of a long pollical flexor tendon (Boas; Elze; 
Huxley, 1864b; Meckel, cit. by Kohlbriigge, 1897, 
and Gruber; Senft; Wilder; W. L, S.: nos. 47 and 
150) (Fig. 11, C); but in no. 351, with an external 
pollex, there was an undoubted though function- 
less distal rudiment — a thin tendinous cord that 
arose diffusely from the areolar tissue deep to the 
flexor digitorum profundus over the mid-carpal 
region and pursued the customary primate course 
along the volar surface of the thumb, to disappear 
in the subcutaneous connective tissue over the 
distal end of the phalanx (Fig. 11, B). Similarly, 
there normally is no long extensor tendon for the 
thumb (Senft, C. Stewart, W. L. S.: no. 47); 
yet in no. 351, the pollical phalanx received a slip 
from the slender tendon of an extensor pollicis et 
indicis longus, a muscle habitual to other platyr- 
rhines (see Straus, 1941). A strong abductor 
pollicis longus always occurs (Senft, C. Stewart, 
wader, W. L. S.: nos. 47, 150, 351). 

The short muscles of the thumb at times are 
very clearly differentiated. In no. 351, I found 


(1) a definite abductor pollicis brevis arising from 
the radial sesamoid bone of the carpus; (2) a weU- 
developed flexor pollicis brevis superficialis, from 
the transverse carpal ligament; (3) a strong 
opponens pollicis with like ligamentous origin; 
(4) a thin adductor pollicis arbing from the base of 
metacarpale HI and from a raphe extending for- 
ward to the head of that bone; and (5) a slender 
flexor pollicis brevis profundus with origin from 
the ulnar border of metacarpale I. The opponens 
was inserted as in other primates upon the radial 
border of the first metacarpal bone. The four 
other muscles had their customary primate inser- 




Fig. 7. Right Hands op the Coaita, Ateles, and 
THE Closely Related Woolly Monkey, 
Lagothrix. Both after Midlo 
Ateles normally lacks an external thumb, whereas that 
digit is well-developed in Lagothrix, 

tions upon the pollical phalanx, and not at all 
upon the metacarpal bone. 

In my two other specimens, lacking outer 
thumbs, the muscles were far less differentiated. 
Animal no. 150 exhibited a rather well-developed 
adductor pollicis that was inserted on the head of 
metacarpale I; beyond this, there were other fibers, 
inserted similarly, representing the remaining, 
undifferentiated thenar musculature. Even more 
rudimentary conditions obtained in no. 47, for 
the thenar complex appeared as one small fan- 
shaped mass inseparable into nameable com- 
ponents. 

Other specimens of Ateles, described in the 
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literature, exhibited similar variability. Huxley 
(1864b) apparently found all of the four usual 
primate thenar muscles — abductor, flexor, oppo- 
nens, adductor — ^while Leche noted all except the 
abductor. Only two muscles were found in the 
specimens of Senft (flexor and adductor) and 
Forster (1917, abductor and adductor). Finally, 
Wilder discovered only rudiments. The insertions 
in these animals (save possibly that of Senft) seem 
to have been only upon the distal part of the 
metacarpal bone, and not upon the phalanx. 

The muscles of Brachytdes appear not to have 
been studied. 





Fig. 8. Right Hands or Langur (Pygathrix), Pro- 
Bosas Monkey (Nasalis) and Guereza, 
Fetus (Colobus). All aeter Midlo 
The thumb is short in Pygathrix and Nasalis, 
rudimentary in Colobus, 


Colobus. The guereza, Colobus, of the catar* 
rhine sub-family Colobinae (sive Senmopithecinae), 
approximates the platyrrhine AteUnae in the 
normal possession of a rudimentary thumb (cf. 
Pocock, 1926; Schultz, 1924, 1926b), thus its 
generic name (kolobos, Or., meaning ^^curtailed”, 
or ^'incomplete”, or "mutilated”) (Figs. 8 and 9, 
nos. 1-3). Schultz has shown that while an outer 


Fig. 9. DEirasNcy of the Thumb in Monkeys 
Nos. 1-3, right hands of the guereza, Colobus, show- 
ing rudimentary thumbs at X (1, fetus, 112 mm. sitting 
height; 2, fetus, 134 mm. sitting height; 3, adult lack- 
ing extenial thumb, skeleton only). Nos. 4 and 5, 
huids of a guenon, Lasiopyga, with external absence of 
right thumo. Nos. 6 and 7, infantile coaita. Aides, 
mth anomalous small external thumb on left hand. 
All after Schultz, 1926b. 
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thumb is lacking in adults or at best is but an 
inconsiderable nailless rudiment, it may be better 
developed in fetuses. Its extreme stunting, there- 
fore, appears to be of relatively late ontogenetic 
occurrence (see also Johnston, 1904). 

The pollical skeleton always is rudimentary 
(Fig. 9, no. 3). It comprises a short metacarpal 
bone and one small phalanx (Flower, Schultz, 
1924, 1926b), but a minute second phalanx also 
can occur (Brooks, 1886). The thumb muscula- 
ture resembles that of AteUs, There is no long 
flexor tendon (Brooks, Polak) (Fig. 11, E), nor a 
long extensor (Polak) ; the long abductor, however, 
is large (Polak). The short muscles are incom- 
pletely differentiated. Both Brooks and Polak 
noted an adductor and a mass that was inserted 
as both opponens (to metacarpal) and short flexor 
(to phalanx). The former investigator also found 
a short abductor, whereas the latter saw only a 
sheet of muscle that was inserted not upon bone 
but upon the thenar skin. 

The langur, Pygaihrix (sive Semnopithecus^ 
PUkecus), and the proboscis monkey, Nasalis (sive 
Semnopithecus nasicus), other members of the sub- 
family Colobinae, possess thumbs that are com- 
paratively short (Pocock, 1926; Midlo). These 
are not rudimentary or absent, however, as in 
Colobus (Fig. 8). Yet there is evidence that their 
musculature also can be incompletely developed. 
Kohlbriigge (1897) found that the long flexor 
tendon of the thumb could be replaced by one 
from the flexor digitorum sublimis (Pygatkrix)^ 
or consist only of a distal, functionless rudiment 
much as in AteUs no. 351 (Pygathrix, Nasalis), 
or be completely absent (Pygalkrix); the other 
pollical musdes, however, regularly were well- 
developed. 

Truly rudimentary thumbs do not normally 
occur in catarrhine monkeys of the sub-family 
Lasiopyginae. Apparently the sole example of 
such a condition is the specimen of Lasiopyga 
pygerytkra described by Schultz (1926b); but this 
(Fig. 9, no. 5), being completely anomalous, lies 
outside the scope of this paper. 

Pongidae (Great anthropoid apes). On a purely 
dimensional basis, the thumbs of the three great 
anthropoid apes-orang-utan, chimpanzee, gorilla 
—do not fall into the category of rudimentary 
or stunted digits (Fig. 10). It is true that the 
evolutionary atrophy of the great ape thumb often 
has been stressed (see, e.g., Ashley-Montagu, 1931, 


and LeGros Clark, 1934). Schultz (1936), how- 
ever, denied this allegation. He pointed out that 
the brevity of the pollex in the three large anthro- 
poids is more apparent than real, bemg due to the 
great length of the rest of the hand: for when the 



Midlo 

ape thumbs are expressed in relation to body size, 
as represented by length of trunk, their relative 
lengths do not suffer signiflcantly when compared 
with that of man. 

When we turn to the thumb musculature, how- 
ever, a stunting clearly is apparent. The follow- 
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ing account is based partly upon my own dissec- 
tions of 5 chimpanzees (J. H. Anat. nos. 38, 156, 
191, 319, 372), 2 gorillas C'H”, from Museum of 
Comparative Zoology, Harvard University, by 
courtesy of Mr. H. J. Coolidge, Jr.; and 
by kindness of Dr. J. F. Fulton of Yale University), 
and 1 orang-utan (U. S. National Museum no. 
153,825), and partly upon the literature. The 
extensor musculature of my specimens (excepting 
only gorilla “J”) already has been described else- 
where (Straus, 1941). 

The most striking muscular deficiency of the 
thumb in the three great apes relates to its long 
flexor tendon (Fig. 11, F-H). Of 47 chimpanzees 
(Beddard; Bischoff, 1870; Boas; Broca (2 ani- 
mals); Brooks, 1888; Champneys; Chapman, 1879; 
Duvemoy; Dwight; Embleton; Fick, 1925 (2); 
Forster, 1917; Gratiolet and Alix; Hartmann; 
Hepburn; Humphry (2); Huxley, 1864b; Kajava, 
1910; Macalister, 1871 and 1874 (2); MacDowell; 
Michaelis; Schreiber (5); Sonntag, 1923; Sperino; 
C. Stewart (2); T. D. Stewart; Sutton; Symington; 
Testut, 1883; Traill; Vrolik; Wilder; Wyman; 

, W. L. S. (5)), this tendon was completely absent 
(Fig. 11, H) in 30 per cent (14 of 47), a functionless 
rudiment (Fig. 11, G) in 22 per cent (lOH/47), 
and entirely developed in direct functional con- 
tinuity with the radial muscle belly of the flexor 
digitorum profundus (Fig. 11, F) in 48 per cent 
(22>^/47), Among 16 gorillas (Bischoff, 1880; 
Chapman, 1878; Deniker (2); Duvemoy; Hart- 
mann; Hepburn; Huxley, 1864b; Macalister, 1874; 
Owen; Pira; Sommer; T. D. Stewart; Symington; 
W. L. S. (2)), it was lacking in 31 per cent (5/16), 
rudimentary and inutile in 41 per cent (6J^/16), 
and wholly present in 28 per cent (4^/16). 
Finally, among 27 orang-utans (Barnard; Bed- 
dard; Bischoff, 1870 and 1880 (2); Boas; Brooks, 
1888; Chapman, 1880; Church; Duvemoy; Fick, 
1895a and 1895b (2); Forster, 1917; Gratiolet and 
Alix; Hartmann; Hepburn; Huxley, 1864b; Ka- 
java, 1910; Danger; Michaelis; Primrose; Sonntag, 
1924; C. Stewart; T. D. Stewart; Sullivan and 
Osgood; Testut, 1883; Wood; W. L. S.), the tendon 
was entirely absent in 89 per cent (24/27), rudi- 
mentary and functionless in 7 per cent (2/27), 
and completely developed in but 4 per cent (1/27). 
Thus the long flexor tendon of the thumb normally 
is eliminated physiologically in two of the three 
genera of great apes (96 per cent of orangs, 72 
per c^t of gorillas) and is entirely without func- 
tion m fully half the members of the third genus 


(52 per cent of chimpanzees). This is a deficiency 
approaching that of Ateles and Colobus. Conse- 
quently, in a majority of the great anthropoids 
there is no apparatus for independent flexion of 
the terminal phalanx of the thumb, although that 
bone always is developed. A weak, inefficient 
substitute occasionally is provided by a slender 
tendinous slip from one of the short thumb 
muscles, which has been regarded by some inves- 
tigators (as Danger) as a vestige of the bng flexor 
tendon. Such homology is extremely improbable, 
however, for this slip can co-exist with the un- 
doubted long pollicad tendon (as in my gorilla 
“H”). Even when a complete, effective long 
flexor tendon occurs, it almost invariably is 
described as extremely slender and^eak, attesting 
to its physiological infirmity. 

In my animals, the tendon was entirely sup- 
pressed in the orang-utan and two of the chim- 
panzees (nos. 191 and 372). In two other chim- 
panzees (nos. 156 and 319) and gorilla “J”, there 
was, as in Ateles no. 351, a slender, distal, tendinous 
rudiment in all respects divorced from the fibers 
of the flexor digitorum profundus but attached 
distally to the terminal phalanx of the thumb in 
the manner of a normal tendon: (1) in no. 156, 
this rudiment arose proximally in two parts — 
as a thread from the fascial sheath covering the 
volar aspect of the index finger tendon well above 
the wrist, and from the dorsal aspect of the trans- 
verse carpal ligament radially; (2) in no. 319, it 
was prolonged from the fascia over the volar base 
of the first metacarpal bone; and (3) in 
it developed from the fascia of the wrist deep to 
the radial part of the flexor digitorum profundus. 
The incomplete tendon of the fifth chimpanzee 
(no. 38) differed in that, while filamentous, it was 
connected proximally not only with the carpal 
fascia but also apparently with the deep long flexor 
tendon to the index finger; but it ended short of 
its expected insertion, in the fascia immediately 
volar to the metacarpo-phalangeal joint of the 
thumb. Of my gorilla ‘‘H”, only the hand, 
severed at the wrist, was available for study. 
This exhibited a distinct long flexor tendon of the 
thumb, attached to the terminal phalanx; there 
seems but little doubt, moreover, in view of its 
form and extent, that this tendon was a functional 
part of the flexor digitorum profundus. The 
tendinous rudiments of those anthropoid apes 
that have been described in the literature also 
regularly assumed the character of distal strands 
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Fio. 11. Diaorahs or the Deep Long Flexor Muscle of the Fingers (Flexor Digitoruu 

Profundus) in Various Privates 

A, Cdms (a representative piatyrrhine monkey, for comparison with Aides)-, B, Aides no. 351; C, Aides no. 
47; D, Macaea (a representative catarrhbe monkey, for comparison with Cdobus)-, E, CoMms (from data by 
Polak); F-H, Great anthropoid apes (orang-utan, chimpanzee, gorilla), showing three ty^ of arran«ment com* 
mon to all three animab; I, Hytobates-, J, Man. This illustration is designed especitJiy to show the enfeebled 
state or absence of the tendon to the thumb in Aides, Colcbus and the three great apes. The radial head of the 
muscle u to the left in each diagram, the ulnar portion to the right. The humeral heads of origin are not shown; 
there usually is one such head, a so-called conaylo-radialb joining the radial portion of the muscle, in all of the 
above animab save the three great apes. 
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basically similar to those detailed above. The 
arxangement noted in my chimpanzee no. 38, 
however, appears to be essentially unique. 

The other thumb muscles customary in primates 
also normally are present in the great apes, al- 
though there is evidence of a decided tendency 
toward weak or even imperfect development. Of 
the dorsal muscles, the long abductor alone is 
regularly powerful as in other primates. An 
extensor pollids longus always occurs, but is quite 
variable in strength — thus I found it to be very 
robust in a gorilla (“J”) and very slender in a 
chimpanzee (no. 319). Kohlbriigge (1897), in- 
deed, concluded that this muscle is weaker in all 
of the great anthropoids than it is in man. Some 
sort of extensor pollicis brevis is not rare in the 
gorilla — including my specimen in which it 
was lacking, it has been found in 53 per cent (9 
of 17 animals) — and possibly has been seen in one 
chimpanzee; but it never has been noted in an 
orang-utan (for details, see Straus, 1941). But 
since this muscle is an evolutionary novelty, 
regularly occurring only in man, its deficiency in 
the large anthropoids is not of the same nature as 
that involving the long pollical flexor. 

Of the five short volar muscles of the thumb, 
the adductor alone exhibits constant powerful 
development in all three genera. Indeed, it is 
their outstanding pollical muscle. Insertion fre- 
quently is upon the metacarpal bone (to form the 
so-called ‘‘adductor opponens”, physiologically a 
misnomer) as well as upon the first phalanx — an 
arrangement otherwise rare in primates, excepting 
the gibbons. The remaining muscles, however, 
tend to be comparatively unsubstantial. In 
fact, in my gorilla “H” the short abductor and 
the superficial short flexor were much smaller than 
the corresponding hypothenar muscles; and in 
gorilla “J*' the short abductor was the smallest 
of the marginal manual muscles. The short 
abductor also can be poorly developed in the 
chimpanzee (W. L. S.: no. 319). The superficial 
short flexor can be an almost tenuous slip (W. L. S. : 
gorilla “H'O or even completely absent (chim- 
panzee: Michaelis, Duvemoy?); it often is exten- 
sively fused with the opponens in gorillas. A true, 
muscular, deep short flexor of the thumb (interos- 
seus volaris primus of Henle) is rare in both the 
gorilla (apparently found only by Huxley, 1864b) 
and the chimpanzee (described by Sonntag, 1923; 
of doubtful homology in my no. 319), but is not 
imoommon in the orang-utan (Brooks, 1888; 
Forster, 1917; Primrose; Sullivan and Os^^kkI; 


W. L. S.). This muscle, however, is of ^radic 
occurrence among primates in general, possibly 
being a normal structure in man alone. The op- 
ponens pollicis is extremely variable. In some 
animals it can be quite robust (gorilla: W. L. S. 
“H”; chimpanzee: Pick, 1925, W. L. S. nos. 38, 
156, 372; orang: Sonntag, 1924), whereas in others 
it is relatively small or weak (gorilla: W. L. S.: 
“J”; chimpanzee: Gratiolet and Alix; orai^g: 
Brooks, 1888, Church, Duckworth, W. L. S.). 
Indeed, it can be entirely absent in the chim- 
panzee, and this apparently not infrequently 
(Embleton, Traill, Duvemoy?, Forster, 1917?). 
Keith (1899) declared that this muscle is better 
marked in the gorilla than in the chimpanzee. 
According to various authors, it Is inclined to be 
weaker in all three great apes than it is in man 
(cf. Kohlbriigge, 1897). The opponens pollicis 
tends to be well-developed in all other Anthro- 
poidea with truly opposable thumbs, namely, 
catarrhine monkeys, gibbons and man. Hence 
its proclivity toward weakness or even complete 
suppression in great apes definitely is a species of 
stunting consonant with other characteristics of 
their thumb musculature. 

DISCUSSION 

From the data presented above, it is clear that 
stunted or rudimentary digits normally occur on 
the hands and feet of certain primates. In some 
genera, either the upper or lower extremity alone 
is affected in various degrees. In the Lorisidae 
and the orang-utan, however, the identical digits 
of both manus and pes are implicated. On the 
whole, such dwarfing is more advanced in the 
hand, although in man the fifth toe alone is 
involved, while the hallux of the orang is even 
more arrested than the thumb. The latter mem- 
ber, indeed, is more disposed toward defective 
devebpment than any other finger or toe, at least 
in the Anthropoidea. 

There appears to be no absolute correlation 
between skeleton and musculature. In some 
instances the skeleton is the more severely cur- 
tailed (fifth toe of man, hallux of orang), in others 
the musculature (thumbs of great apes and of 
Pygathrix and Nasalis)f while in still others both 
bones and muscles show approximately the same 
degrees of abridgment (second toes and second 
fingers of Lorisidae, thumbs of Atdes and Colohus). 
The nafl is absent only when the skeleton is 
extremely abbreviated. 

The long, extrinsic muscles of the affected digit, 
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whether finger or toe, definitely tend to be more 
defective than the short, intrinsic muscles. This 
is especially apparent when the digit is truly 
rudimentary, as in the hallux of the orang-utan, 
the index finger of Perodicticus^ and the thumbs of 
Aides and Colobus, The same tendency, more- 
over, also is evident in less reduced digits. 

The significance of normally dwarfed or rudi- 
mentary digits is not entirely apparent. What 
factors might be operating to so affect the fifth 
toe of man and the hallux of the orang-utan are 
a complete mystery. There is a possible fimctional 
correlation, however, for the arrested second digits 
of both hand and foot of the Lorisidae. In these 
animals, the p)owerfully developed thumb and 
hallux both are set apart from the other digits so 
as to produce veritable pincers (see Forster, 
1933b, who has discussed this subject in great 
detail). The normal abduction of thumb and 
hallux is so pronounced that neither can be as 
completely adducted as in other primates (Figs. 
1 and 2). Of the ulnar (or fibular) prong of the 
pincers, the fourth finger (or toe) is predominant 
and is the podial axis — as witness its relatively 
great length and the arrangement of the short 
manual (or pedal) muscles, notably the interossei, 
about it. Incidentally, this disposition toward 
predominance of the fourth digit and an associated 
grouping of the musculature is a distinct lemurine 
feature more or less characteristic of the Lemuroi- 
dea as a whole (see Straus, 1930, a and b). Elimi- 
nation or even reduction of the digits intervening 
between it and the first would tend to increase 
the span of the pincers, but scarcely, it would seem, 
without decreasing the strength of its grasp. 
In this connection, it seems significant that Hill 
(1936) has indicated a dwarfing of not only the 
second digits but also of the third in some 
Lorisidae. 

When we come to consider the thumb, there 
appears to be a distinct relation between its 
stunting and the habit of bimanual arboreal loco- 
motion or ‘‘brachiation.’’ For the chimpanzee 
and orang-utan, the Colobinae (see Pocock, 1926), 
and the Atelinae all are accomplished brachiators. 
The gorilla, chiefly because of the limitations 
imposed by its great adult weight, is a brachiator 
only in immaturity; but there is little doubt of its 
definite brachiating ancestry. Furthermore, it 
will be obvious to those who have observed living 
primates that brachiation fundamentally is de- 
pendent upon only the four ulnar fingers. The 
thumb not only is not involved, but actually can 


be an incumbrance, for a forceps- or pincers-like 
grasp is not employed. It is not iUogical, there- 
fore, to assume a correlation between dwarfing 
of the thumb and the habit of brachiation in 
Atelinae, Colobinae and great anthropoid apes. 

It nevertheless is certain that a stunted poUex 
is not an inevitable accompaniment of a biachiat- 
ing method of locomotion. For the Hylobatidae — 
gibbons and siamang — are extraordinary and habit- 
ual brachiators, far surpassing the great apes, 
yet they give no evidence of pollical deficiency. 
In these animals (Fig. 10), the thumb is of rela- 
tively great length, even being somewhat longer, 
comparatively, than that of man, especially in 
HylohaUs (Schultz, 1936). Its musculature, al- 
though uniquely specialized in some respects — 
as in the marked tendency for its short muscles 
to be powerfully inserted upon the metacarpal 
bone — in no sense is defective or weak. Thus, for 
example, a well-developed long flexor tendon of 
the thumb was present and completely functional 
in all of 13 si>ecimens that have been reported 
upon (Bischoff, 1870; Chapman, 1901; Deniker; 
Hartmann; Hepburn; Huxley, 1864b; Kohlbriigge, 
1890 (3); C. Stewart; W. L. S. (3)). Perhaps this 
compatibility of a well-developed thumb with 
constant brachiation can be traced to the mode of 
bimanual locomotion peculiar to gibbons and 
siamangs. Their thumb is separated from the 
other fingers by a great cleft that uniquely extends 
far proximal to the first metacarpo-phalangeal 
joint (Fig. 10); hence the pollex, despite its great 
length, easily can be bent across the proximal 
palm, where it is of no hindrance in brachiation. 
Or, on occasion, the thumb can be tucked away, 
so as virtually to be flush with the palm, in the 
peculiar groove along the radial side of the hand 
that is found only in Hylobatidae (also see Pocock, 
1926). These are not the only peculiarities of 
gibbons that probably are related to their type of 
brachiation. For they possess certain muscular 
specializations of the upper extremity not encoun- 
tered in the three great anthropoids, Colobus 
and Aides, As indicated in an earlier paper 
(Straus, 1940), the term “brachiation” is a br^ 
one, for the mode of bimanual arboreal locomotion 
is not precisely identical in all “brachiators,” 
and adaptations to such form of progression have 
been made in different ways. 

From an evolutionary aspect, the under- 
development and functional weakness of the thumb 
in the three great apes is a regression. The com- 
paratively feeble nature of this digit will be wdl 
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appreciated by those who have had experience 
with living anthropoids. On the other hand, the 
thumb relatively is much stronger in most catar- 
rhine monkeys (save the Colobinae), Hylobatidae 
and man. In fact, the remarkable development 
of the human thumb, especially of its associated 
musculature, contrasts strikingly with the condi- 
tions in the great anthropoid apes. There is not 
the slightest evidence of an evolutionary degenera- 
tion in the structure of man’s thumb. Thus, 
functional default of its long flexor tendon, so 
common in the great apes, is among the rarest of 
aU human muscular anomalies. To my knowl- 
edge, it has been reported for but five bodies, all 
white — ^by Gegenbaur (1861), Wagstaffe (1872), 
Gruber (1875), Chudzinski (1881), and Fromont 
(1895). Of these, the tendon was entirely lacking 
in two, present in the other three in the form 
of a distal rudiment as in many examples of the 
giant ^thropoids. At least two of these bodies, 
however, possessed other, associated muscular 
anomalies and even serious defects, while the third 
was that of a microcephalic infant. Hence these 
instances appear to have no more phylogenetic 
significance than other anomalies of a similar 
nature. The constancy of the long flexor tendon 
of the human thumb is indicated by the fact that 
both Testut (1883) and Le Double (1897) found 
it always present in over 200 and in 327 French 
bodies, respectively. Furthermore, I myself never 
have noted its absence nor deficiency, nor have 
I ever been apprised of such condition during my 
fifteen years in this laboratory, although fully 300 
cadavers, chiefly Negro, have passed through the 
dissecting rooms during that time. 

Thus it is clear that a comparative study of 
the thumb yields additional evidence in support 
of the view, expressed in previous papers (Straus, 
1940, 1941), t^t man ^d not pass through a 
pronounced “brachiating” stage in his phylogeny: 
for the human thumb essentially is of a generalized 
structure, completely lacking not only the defective 
qualities found in the pollices of the great apes 
and most other brachiators but also the peculiar 
^>ecializations relating to the thumbs of the 
Hylobatidae. This evidence likewise presents a 
major obstacle for those who believe that man 
has other than a very remote relatbnship to the 
great apes. 

SUlOfARY 

The Primates in general are characterized by 
five w^-developed (tigits on both manus and pes. 


A few forms, nevertheless, normally possess one 
or more stunted or rudimentary digits. These 
forms include the lorisine lemurs (second finger and 
second toe), the platyrrhine Atelinae (thumb), 
the catarrhine Colobinae, particularly Colobus 
(thumb), the orang-utan (thumb and haUux), 
the chimpanzee (thumb), the gorilla (thumb), 
and man (fifth toe). 

There appears to be no absolute correlation 
between bones and muscles. In some rudimentary 
digits the skeleton is the more severely affected 
(fifth toe of man, hallux of orang), in others the 
musculature (thumbs of great apes and of certain 
Colobinae), while in still others both of these 
structures exhibit essentially similar degrees of 
curtailment (second fingers and* toes of Lorisidae, 
thumbs of A teles and Colobus ) . The long, extrinsic 
muscles of the affected digit distinctly tend to be 
more defective than the short, intrinsic muscles. 

The significance of some normally rudimentary 
digits (fifth toe of man, hallux of orang) is entirely 
obscure. The arrested digits of the Lorisidae, 
however, seem to be related to the peculiar pincers- 
like grasp of their hands and feet, in which the 
first and fourth are the dominant digits. As for a 
rudimentary or stunted thumb, this apparently 
can be correlated with the habit of “brachiation.” 
This mode of locomotion, nevertheless, is not 
necessarily accompanied by a poorly-developed 
thumb, as witness the Hylobatidae. These ani- 
mals clearly are adapted to a brachiating life in a 
manner quite different from that of Atelinae, 
Colobinae, and great apes. 

The evidence produced by a comparative study 
of the thumb supports not only the view that 
man’s phylogeny did not include a pronounced 
brachiating stage, but also that view which denies 
man other than very remote relationship to the 
great anthropoid apes. 
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ON THE INTERPRETATION OF RADIATION EXPERIMENTS 

IN GENETICS 
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i N INTERPRETATION of the X-ray 
/% production of mutations has been 

formulated on the basis of the ''hit 

i theory” or "target hypothesis” (see 

^ especially Timofeeff-Ressovski, 1937; 

further developments by Lea, 1940). The theory 
assumes that a "gene mutation” is produced by 
ionizing radiations whenever some primary phe- 
nomenon, a "hit,” occurs ^ithin a certain region 
of space called the "target.^ Although the theory 
successfully accounts for ^eral important experi- 
mental facts, it is subject to criticism. Some 
progress has already been made towards less spe- 
cific but also less restrictive interpretations of the 
experimental data (e.g. Muller, 1940). It is the 
purpose of the present paper to consider again the 
implications of the experimental data in an effort 
to show which results of the hit theory are inde- 
pendent of its binding assumptions. Certain types 
of mutations, for instance the "gene mutations,” 
have been frequently considered in the literature 
on the hit theory as well defined and homogenous 
classes of phenomena. The same procedure will be 
followed for simplicity in this paper, while its pos- 
sible criticism is considered in another paper 
(Fano, 1941). . 

1. The interpretation according to the hit theory 

lonizatipns distributed according to probability 
laws have generally been considered as the primary 
ph 3 rsical phenomena leading to the random pro- 
duction of mutations. The target might be iden- 
tical with the gene, but may conceivably be larger 
or smaller; it might consist of many parts. 

On the basis of random distribution of ioniza- 
tions within irradiated matter, the probability of 
producing an ionization within the target, and 
hence the frequency of mutations, must be propor- 
tamud to the total number of ionizations produced. 
The following well-known results of X-ray experi- 
ments can then easily be explained: 


(a) The number of gene mutations produced in 
Drosophila sperms by the dose D of X- or 

7 -rays is proportional to both No and D: 

N - const. iV^o <►(!) 

(b) The constant is indej)endent of variations in 
wave-length and in the time distribution of irradia- 
tion, if the radiation dosage is measured as any 
equivalent of the ionization produced per unit 
volume of matter. 

The frequency of ionizations within the target is 
given by the size of the target times the number of 
ionizations per unit volume. Therefore, the size 
of the target can be calculated according to the hit 
theory from the experimental value of the constant 
in formula (1). In experiments on single muta- 
tions the target has been found to be about 1 m^ 
in size, that is to contain about 1000 atoms. 

The efficiency of radiation should be reduced by 
an excessive density of ionizations. The ioniza- 
tions produced by radiations are not distributed 
fully at random but lie along the path of "ionizing 
particles.” When the distance of successive ioni- 
zations is smaller than the thickness of the target, 
a single ionizing particle may produce several 
ionizations within the target. The actions of these 
ionizations do not add up, because each one of them 
is sufficient to produce a mutation, and thus there 
arises a waste of ionizations. Hence the number 
of mutations produced by a given number of ioni- 
zations should be smaller than in the case of radia- 
tion with a low density of ionization. This phe- 
n<menon is called "saturation effect.” 

{ Investigations with soft X-rays producing 
(TOsely ionizing photoelectrons failed to show any 
saturation effect on gene mutations in Drosophila 
(Wilhelmy, Zimmer and Timofeeff-Ressovski, 
1936; Fricke and Demerec, 1937). Jordan (1938a) 
pointed out that Wyckoff’s data (1930) on the 
killing of Escherichia coli by soft X-rays Aow the 
beginning of a saturation effect. The thickness of 
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the target for the killing of E. colt should thus 
be approximately equal to the average distance of 
ionizations in the experiment (» 6 m/*). Zimmer 
and Timofeeff-Ressovski (1938) found a saturation 
effect in the production of sex-linked lethals in 
Drosophila melanogaster by neutron rays, which act 
through densely ionizing protons. The produc- 
tion of lethals by neutrons follows formula (1) but 
the constant factor is 1 .6 times smaller than in the 
case of X-rays. Investigations by Gray and Read, 
1939, confirm the reliability of the dosimetry used 
by Zimmer, 1938, and thus support the results of 
the neutron experiment. 

A quantitative theory of the saturation effect 
was developed by Lea (1940) who calculated the 
dependence of the constant in formula (1) upon the 
ion density, in the case of a spherical target. Lea 
assumed that the target for sex-linked lethals con- 
sists of a number of spherical targets each of them 
corresponding to a locus of the X-chromosome 
where the lethal may occur. The total volume of 
the targets is given by the X-ray experiments; the 
average thickness of the single ‘^targets” is given 
by the neutron experiment and the theory of the 
saturation effect. Hence Lea deduced that the 
target for all sex-linked lethals consists of about 
1860 spheres. This number represents also the 
total number of genes in the X-chromosome, if the 
further assumption is made that each gene is 
capable of exhibiting a lethal mutation. The 
single spherical targets are found to be of the same 
order of magnitude as the targets for individual 
visible mutations of single genes; this coincidence 
lends further support to the theory. Thus Lea’s 
estimate of the * ^number of genes” might also be 
deduced as the ratio of the frequency of all sex- 
linked lethals to the frequency of individual 
mutations. 

2, Discussion on ike size of the target 

The broadest principle of the hit theory is that 
the statistical law: 

N • kNoDf (k « constant), (1) 

is determined by inherent characteristics of the 
biophysical process. {N is the average number of 
mutations. No the number of irradiated sperms, 
D the dose. Which class of mutations is con- 
sidered is immaterial here.) While the constant k 
is defined experimentally as the average frequency 
of mutations produced by unit dose, according to 


the hit theory it must have some particular theo- 
retical meaning. An initial set of assumptions 
which have been widely accepted is then required: 

(a) The observed discontinuous mutation phe- 
nomena correspond to an actual “all or none” pri- 
mary phenomenon in the genetic material. 

(b) The genetic material of different sperms 
may be considered as identical. 

(c) The experimental law (1) is valid beyond the 
present stage of investigation, i.e. it is valid down 
to any low dosage and there is no dependence 
whatsoever on the time distribution of irradiation. 

If (a), (b), and (c) are fulfilled, k may be inter- 
preted as the mathemaiical probability that one 
unit radiation dose produces a mutation in any 
particular sperm. The choice of the unit of dosage 
is thus far arbitrary but different numerical values 
of k correspond to different units. 

It is interesting to consider units of dosage em- 
phasizing the discontinuous nature of radiation. 
The unit of dosage may be related to a “flow” of 
radiation (for example the passage of one X-ray 
quantum or of one particle per sq. cm.) or to the 
production of secondary phenomena within matter 
(for example the production of one ionization or of 
one secondary electron per cc.) . In the first case the 
probability k is equal to the area of a surface which 
is crossed by a quantum as frequently as a muta- 
tion is produced, in the second case it is equal to 
the volume of a region within which one secondary 
phenomenon is produced with the same frequency. 
An area or volume equal to k will then represent 
the probability of production of a mutation and is 
accordingly called an “effective cross section” or 
an “effective volume.” In order to follow the 
familiar procedure, the production of one ioniza- 
tion per cc. at a random position within matter 
will be assumed as a unit of dosage throughout this 
section. This unit is a definite fraction, 

1/(2 XIO^) 

of the roentgen unit. The reasons for this 
choice and its actual significance will be discussed 
in the following sections. Then k shall represent 
the “effective volume” for the production of a 
mutation (of the class under consideration) by an 
ionization and will be indicated by r. 

An experiment may be considered as a numerical 
example, in which 591 CIB tests for sex-linked 
lethals were carried out among the offering of 
Drosophila males X-rayed with 4500 r and 72 
lethals were found. The following figures must 
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then be entered in formula (1): N - 72,iVo ■■ 591, 
D ■■ 4500 X 2 X 10^* ionizations/cm.*; hence 


■■ ft — 


591 X 4500 X 2 X 101* 


10”!^ cm.* 


The hit theory further assumes usually that the 
“effective volume” r defined above is not simply a 
probability, i.e. a mathematical quantity, but that 
it measures the actual volume of a target. This 
assumption goes far beyond the preceding ones. 
It does not seem necessarily correct to assume that 
T measures an actual volume. On one hand there 
certainly is a relationship between r and an actual 
volume, because an ionization can be effective only 
if it occurs sufi^ciently close to the place of produc* 
tion of a mutation, i.e. within some specific “sensi- 
tive region.” This relationship may be called a 
spatial probability factor. There is, however, an- 
other factor affecting the value of r, which has 
been taken into consideration only recently (e.g. 
Jordan, 1939; Muller, 1940) and which may be 
called the physical probability factor. Whenever 
an atomic system absorbs an amount of energy, 
for instance through an ionization, the outcome 
of the phenomenon is not completely determined. 
Thus a free excited atom can emit alternately light 
of different colors; atomic mechanics can deter- 
mine only the relative probability of different 
emissions. Whenever a molecule is supplied with 
the activation energy required for a certain reac- 
tion, the reaction does not necessarily occur; its 
probability is frequently called “quantum effi- 
ciency” and it may approach one, or it may be 
very small. Only a detailed knowledge of the 
reaction and of the structure of the atomic system 
which is affected can afford an a priori evaluation 
of the physical probability factor. It is quite pos- 
sible, moreover, that there is no immediate strictly 
physical connection between the physical phe- 
nomena produced by radiation and the change of 
the genetic material which is a mutation. Ioniza- 
tions or analogous phenomena might act primarily 
as a perturbation to the biochemical system of 
which the genetical material is a part; a further 
chain of physico-chemical processes might or might 
not, according to chance, lead to a mutation (see, 
e.g. Fricke and Demerec, 1937). 

The “effective volume” r should then be split 
into a factor V representing the spatial factor, i.e. 
the actual volume of a sensitive region, and a physi- 
cal factcff Pf i.e. the average probability that an 


ionization occurring within the sensitive region 
produces a mutation (t - pV), No satisfactory 
method has yet been developed to evaluate even 
the order of magnitude of p and V separately. 
The only present possibility of evaluating directly 
the size of the “sensitive volume” might be offered 
by the saturation effect (Section 4). A purely 
physical approach to the same problem is to con- 
sider the maximum distance of propagation of the 
physical atomic actions arising from an ionization 
as the radius of the sensitive region; the sensitive 
region would thus be introduced as a theoretical 
physical quantity. It is difficult, however, to 
draw conclusions along this line without any de- 
tailed knowledge of the atomic structure of the 
matter involved. WTien special circumstances 
favor, for instance, the existence of metastable 
atomic states and the transport of excitation energy 
or the occurrence of self-multiplicating chain phe- 
nomena, a phenomenon starting from a single atom 
may spread over distances of even microscopical 
order. Therefore, the argument outlined by Del- 
bruck (1940) that the linear dimensions of the 
“effective volume” for the production of gene 
mutations ( « 1 mu) are already so large that the 
sensitive region cannot reasonably be still much 
larger, might not be very conclusive. 

Arbitrary neglect of the physical factor (i.e. 
assuming ^ - 1) leads to the acceptance as a cor- 
rect estimate of the size of the sensitive region of 
what actuaUy is its minimum value. In fact, the 
physical factor reduces the average efficiency of 
radiation. The more important is the physical 
factor (i.e. the smaller is p)y the larger is the ratio 
of the size of the sensitive region to the measured 
“effective volume” t. 

In conclusion, the broadest interpretation of the 
hit theory based on the assumptions (a), (b), and 
(c) given above leads to the definition of an effec- 
tive volume 7 which is a probability. (The “effec- 
tive volume” as used here corresponds to the 
“sensitive volume” as used by Muller, 1940, and to 
the “action volume” as used by WoUman et al,y 
1940, while Muller’s “potential sensitive volume” 
corresponds to the volume V of the sensitive 
region.) Although this probability certainly in- 
volves a factor related to the size of a sensitive 
region, there is not much evidence to assume fur- 
ther that this is the only important factor, so that 
one might identify the “effective volume” r with 
the size of a target or sensitive volume. 
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3. The problem of the **n(Uure of the 

Attempts have been made to identify the ‘Tiit” 
with some one of the physical phenomena produced 
by radiation within matter. The most usual 
method which has been applied mainly to the 
X-ray production of gene mutations (e.g. Timo- 
feeS-Ressovski, 1937) will be outlined first. Three 
possible cases are considered, namely that the “hit’* 
consists of: 

(a) Absorption or scattering of an X-ray quan- 
tum, and consequent production of a secondary 
electron, within a target. 

(b) Passage of a “secondary electron” across a 
target. 

(c) Production of an ionization by a secondary 
electron within a target. 

Neglecting the physical probability factor, the 
size of the target is equal to the constant k in 
formula (1). The proper choice of the unit of the 
X-ray dosage is: in case (a), the production of one 
secondary electron per cc. of matter; in case (b), 
the flow of one secondary electron per sq. cm. 
within matter; in case (c), the production of one 
ionization per cc. of matter; this last unit is essen- 
tially a submultiple of the roentgen unit. The 
ratios among these, three units, and hence the 
ratios among the corresponding evaluations of the 
target, can be determined with good approxima- 
tion on the basis of physical data and depend on the 
wave-length of the X-rays. Experiments with 
different wave-lengths, where no saturation effect 
is observed, show that the size of the target is inde- 
pendent of the wave-length in case (c) but variable 
in the cases (a) and (b). Since the target cannot 
actually vary, only (c) is acceptable. 

This procedure is a device by which to select one 
from among different working models. Successful 
comparison with experiments may, however, lead 
the working model (c) to be considered as wholly 
successful, even though only a part of its features 
is involved in the comparison. It will be shown 
that the results of the experiments with X-rays of 
different wave-lengths do not actually support the 
model representing a “hit” as an ionization within 
a target, but they can be interpreted independently 
of the kit theory. 

The quantity ife in the formula (1) is essentially a 
measure of the efficiency of a unit of radiation. An 
experimental result which is interpreted by the hit 
theory as a variation of the size of the target 
actually means a variation of efficiency, since it 


shows that an equal number of radiation units 
produces different biological effects in different 
cases. Thus the experiments on the production 
of gene mutations with X-rays of different wave- 
len^s show that the efficiency of each ionization 
produced by X-rays is constant. The distribution 
of the ionizations is immaterial suid the biological 
action depends only on the total number of ions 
produced by all the secondary electrons. 

One may then conclude that (within the limits 
of these experiments) the physical action of a 
secondary electron is not biologically effective as 
a whole. Different ionizations produced by the 
same or by different electrons do not participate 
as a cooperative team to the biological action, but 
their actions are merely superimposed. Each 
ionization is somehow biologically effective by 
itself and may be considered as an independent 
cause of the biological action. This does not 
necessarily mean that a single ionization is suffi- 
cient to produce an appreciable biological change, 
but that it is able to contribute somehow by itself 
to this action without any need for immediate 
cooperation by other phenomena, or else, that it 
may suitably be considered as a “unit of action.” 
This is an extract of the concept of “hit” excluding 
those elements of this concept, which correspond 
only to working models. 

Thus, although secondary electrons are them- 
selves in a way the cause of mutation, their action 
can be analyzed showing that single subunits of 
its physical action (the ionizations) may be con- 
sidered as a nearer cause of the biological action. 
The procedure which is usually intended to deter- 
mine the “nature of the hit” may be considered as 
an analysis of the secondary physical action of 
radiation aiming at identifying the nearest cause 
of its biological action. A pattern of analysis 
along this line, following step by step the chain of 
secondary phenomena, is shown below in Section 5. 

It is not quite correct to focus attention only on 
ionization phenomena. Atomic excitation phe- 
nomena ^ould also be considered, in which energy 
is delivered to a single atom without removing any 
one of its electrons. Furthermore, one must dis- 
tinguish between the atomic phenomena produced 
directly by photo- or Compton-electrons and the 
phenomena produced indirectly through the action 
of the tertiary electrons ejected whenever an ioniza- 
tion occurs. The total number of ionizations is, 
however, a fair index of the whole of the atomic 
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phenomena produced by radiation, since the rela- 
tive frequency of different phenomena and the 
mean amount of energy distributed to matter “per 
ionization” are widely independent of the quality 
of radiation. Further details on this subject will 
be given in Section 5. 

4, The saturation efect 

Biological actions do not always depend only on 
the number of ionizations produced by radiation, 
as the production of mutation by X-rays does, but 
they some^es depend also on the density along 
the tracks of ionizing particles. Cases are known 
in which the biological effectiveness of ionizations 
increases when the ion density along the tracks of 
the ionizing particles is increased and cases are 
also known in which the effectiveness decreases 
under the same conditions. The first phenomenon 
has been sometimes called “concentration effect”; 
it clearly must occur when single ionizations are 
not very effective but their effectiveness is im- 
proved by the cooperative action which is possible 
at high concentration. 

The opposite saturation effect, i.e. a loss of effec- 
tiveness at increasing concentration of ions, has 
already been discussed from the standpoint of the 
hit theory in Section 1 , but will be further analyzed 
here, independently of the hit theory. The aver- 
age biological effectiveness of a flow of ionizing 
particles is represented by the constant k of for- 
mula (1) when the dose is measured as a flow of 
particles per unit area within matter; k is then an 
“effective cross section,” (see Section 2). The io 
density along the track of the particles is simply a 
measure of the energy absorbed by matter (see 
above and Section 5). When the ion density is 
small and there is no saturation effect, as in the 
X-ray production of mutations, the effectiveness of 
the flow of particles is proportional to the energy 
delivered to matter per unit path. This is a quite 
understandable result without any reference to the 
hit theory. As the ion density increases, however, 
the effectiveness cannot be expected to remain 
proportional to the energy absorption so as to 
increase beyond any limit, because particles pass- 
ing too far away from the genetic material are 
not expected ever to be effective, no matter how 
concentrated their physical action may be. At 
beat, if the ion density were so large that the action 
of ionixing particles is smashing and decisive, all 
those, but only those, particles passing close enough 

the genetic material would be effective. (The 


“effect” means here the occurrence of one among 
all the possible alternative changes, as, e.g. the 
mutation of a gene to one among all its allels.) 
The extreme case of particles which are effective 
whenever smashing across some sensitive region 
does not seem to have yet been observed but would 
afford a concrete application of the concept of 
“hit.” In this case the effectiveness of ionizing 
particles would be fully “saturated” and would not 
increase any further with increasing ion density: 
its constant value would yield a direct measure- 
ment of the average cross section of the sensitive 
region. These considerations assume merely that 
the concept of a sensitive region is correct to some 
extent. 

The ‘effective volume” t defined in Section 2 
is the ratio of the effectiveness of ionizing parti- 
cles to the ion density along their paths. Thus 
T is constant as long as the effectiveness is pro- 
portional to the ion density (no saturation). At 
full saturation, on the contrary, the effectiveness 
is constant and r is proportional to the ion den- 
sity. 

In any practical case the effectiveness of ionizing 
particles is not known to have reached its maxi- 
mum value and it yields only a minimum estimate 
of the size of the sensitive region. Such estimate 
is carried out here as an example, accurate within 
an order of magnitude, for the production of sex- 
linked lethals in Drosophila melanogaster. The 
“effective volume” r is of the order of 10"^'^ cm.,* 
both for X-rays and neutrons. In the neutron 
experiments the recoil protons induce approxi- 
mately 10^ ionizations per cm. jMith; hence the 
flow of one recoil proton per cm.* corresponds to 
10^ ionizations per cm.* Accordingly, the value 
of k which can be called “effective cross section” 
must be 10’ times larger than r: 

10’ X 10-1’ - 10-1® cm.* 

The next objective is to investigate the rela- 
tionship between the effectiveness and the ion 
density when the ion density is neither very low 
nor very large. Its qualitative behavior is indi- 
cated by the broken line in Fig. 1. The two short 
segments at the beginning and at the end of this 
curve, which are indicated by a solid line, repre- 
sent the results stated above, namely: (a) the 
effectiveness is expected to be proportional to the 
energy absorption when the energy absorption is 
very small, and (b) the effectiveness should not 
exceed a maximum limit which is determined by 
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the size of a sensitive region and which might be 
attained only at very high ion density. If it were 
possible to represent the whole curve by a theo- 
retical formula involving a number of unknown 
parameters, one could determine the value of the 
parameters by fitting a sufficient number of experi- 
mental points and thus determine the maximum 
effectiveness and hence the size of the sensitive 
region. 

If all the individual particles which cross the 
sensitive region delivered the same amount of 
energy within it and if all parts of the sensitive 
region were equally sensitive, one might expect the 
saturation effect to step in sharply at a certain ion 
density, as indicated by the dotted line in the 
figure. If, on the contrary, the energy delivered 
by different particles, or the local sensitivity, is 
variable, saturation must step in gradually: At 
any given value of the mean ion density the physi- 
cal action of some particles which by chance deliver 
more energy, or which deliver it at more effective 
points, may already be excessively crowded and 
thus, on the average, less effective, while the effec- 
tiveness of other particles is not yet reduced, being 
still sufl&ciently small. One may imagine that the 
particles are classified into many different groups 
with homogeneous effectiveness, each of which is 
affected by saturation abruptly — as indicated by 
the dotted line in Fig. 1 — but at a different value 
of the mean ion density. The final relationship 
between the average effectiveness of all particles 
and the mean ion density is then represented by 
an average of dotted lines with variable scale of 
abscissae. The larger is the variability, the more 
will the final {broken) curve depart from the shape of 
the doited line. 

There are several factors of variability. First, 
the lengths of the paths of the ionizing particles 
across the sensitive region cannot be all equal, 
depending on whether the crossing is central or not. 
This factor is variously important according to the 
shape of the sensitive region; it is least important 
in the case of a spherical shape (this shape is most 
compact because its surface is a minimum for a 
given volume). Second, there are fluctuations of 
the energy actually delivered by ionizing particles 
within paths of equal length. This again is due to 
various causes: (a) An ionizing particle undergoes 
discontinuous energy losses producing ionizations 
and excitations distributed at random along its 
track; the number of energy losses within the path 
across the sensitive region may vary strongly unless 


this p>ath is much longer than the average distance 
between successive energy losses (the hit theory 
has been mainly concerned with this factor), (b) 
The amount of energy lost in any single process 
is also highly variable, (c) Beside the random 
variations considered under (a) and (b), the 
amount of energy lost and the ion density undergo 
a systematic increase along the path of an ionizing 
particle which is progressively slowed down; more- 
over, even the initial velocity of the particles is 
not uniform, when they originate as Compton- 
electrons or recoil protons. Third, there may be 
variability of sensitivity in different parts of the 
sensitive region; this variability might even make 
the concept itself of a sensitive region hardly sig- 
nificant, if it is very smoothly graded. 



(tntrgy obtorption) 

Fig. 1, Graphical Representation- of the 
Saturation Effect 
(See discussion in the text) 

The theory developed by Lea (1940) takes into 
account only that part of the variability factors 
Mrhich is most easily accessible to quantitative 
investigation, namely: (a) the variability of the 
length of the path across the sensitive region and 
this only for the extreme case of a spherical shape, 
(b) the variability of the number of energy losses 
within any given length of path, without any refer- 
ence to the amount of energy. Neglect of the 
other variability factors makes Lea’s curve depart 
too little from the shape of the dotted line in Fig, 1. 
Hence any evaluation of the upper limit of the 
effectiveness, that is, of the size of the sensitive 
region, which is based on fitting Lea’s curve to 
experimental results is bound to give a result which 
is certainly smaller than the correct one. The 
assumptions made by Lea do not correspond to the 
choice of an average but of an extreme case. The 
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quantitative accuracy of Lea’s curve has not yet 
been evaluated. 

Lea’s neglect of the ‘'ph 3 rsical probability factor” 
does not affect the shape of his curve: The course 
of saturation is the same, whether, for example, an 
ionization has the probability 1 or only 1/10 of pro- 
ducing a mutation; in the last case, however, the 
ion density must be ten times larger to produce the 
same saturation effect. 

According to Lea’s theory, the knowledge of the 
"effective volume” t for a single value of the ion 
density is sufficient to determine its value at any 
other density. Qualitatively: Calling V the vol- 
ume of the sensitive region, r must be equal to V 
at low ion density and then become smaUer when 
the average distance between successive ioniza- 
tions is 

In more complex cases, two independent quanti- 
ties must be determined separately. For instance, 
in the case of the sex-linked lethals Lea considers 
the unknown "number of genes” n which measures 
the departure from the spherical shape when the 
target consists of separate parts: Then r - 
at low ion density; this, together with an inde- 
pendent determination of the critical ion density 
^1*^^ at which saturation becomes apparent, 
enables Lea to determine both V and n. Another 
example: The "physical factor” introduces the 
unknown probability p; then t - at low ion 
density, while the critical ion density is « 

When, however, the departure from the spherical 
shape and the "physical factor” and, furthermore, 
the other variability factors listed above are all 
considered at the same time, the dependence of 
r on the ion density becomes so complex that the 
quantities like V and p cannot be easily de- 
termined. 

Thus there does not seem to be much conclusive 
evidence supporting Lea’s detailed interpretation 
of the saturation effect on sex-linked lethals in 
DrosopkUa, It is possible, however, to apply the 
saturation effect to test whether the sex-linked 
lethals consist of alternate independent mutations 
at different loci and whether each one of these 
mutations is analogous to the individual pheno- 
typically detected mutations. If it is so, the satu- 
ration effect should affect equally the production 
of all the lethals and of the individual phenotypical 
mutations. Then the ratio of the frequency of all 
sex-lioiked lethals to the average frequency of indi- 
vidoal mutations should be approximately inde- 
pendent of the ion density and represent approxi- 


mately the number of possible different lethals 
in the X-chromosome. 

S^^t^oestigaiion of the **nearest cause** of a buh 
logical action and remarks on the physical 
action of X-rays 

As a first step of analysis it must be checked 
whether single X-ray quanta can be considered as 
an "independent cause” of any biological effect 
under consideration, for example of mutations, in 
the sense considered in Section 3. This can be 
done by testing experimentally that the distribu- 
tion in time of the radiation quanta has no bearing 
on their effect. 

Secondary electrons must be considered in a suc- 
cessive step. Soft X-ray quanta interact primarily 
with matter only through the production of a 
single photo-electron, whereby they disappear; 
thus the action of a quantum can be identified 
with that of a photo-electron. Hard X-ray quanta 
produce many secondary Compton-electrons 
through successive scattering processes; these 
processes occur, however, on the average, so far 
apart as compared to C3rtological dimensions, that 
immediate cooperation between "brother” Comp- 
ton-electrons can be disregarded. Hence in any 
case individual secondary fast electrons can be 
considered as "independent cause” of the biological 
effect. 

Fast electrons, as well as all other fast chaiged 
particles, traversing matter undergo a large number 
of energy losses in which a small fraction of their 
kinetic energy is transferred to individual electrons 
within matter. These energy transfers from fast 
electrons, henceforth called "energy transfers,” are 
governed by important rather simple laws. The 
amount of energy transferred in a single energy 
transfer is highly variable and averages » 30 elec- 
tron-volts. Small energy transfers are much more 
frequent than large ones. If the energy transfer 
exceeds a limit characteristic of the kind of matter, 
of the order of ten electron-volts, the electron 
absorbing this energy can abandon the atom or 
molecule to which it was previously bound (ioniza- 
tion). If the energy transfer is smaller, a simple 
electronic excitation occurs. The relative frequency 
of the various kinds of energy transfers is approxi- 
mately independent of the energy of the impinging 
electron (and depends very little on whether the 
impinging particle is an electron or an heavy par- 
tie^, provided that they have the same charge and 
velocity). The total frequency of energy transfers 
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along the path of a fast electron, on the contrary, 
is approximately inversely proportional to the energy 
of the electron. Therefore, a change of the wave- 
lencrfh of the X-rays, which means a change of the 
energy of the quanta and hence a change of the 
energy of the secondary electrons, does not affect 
appreciably the quality of the energy transfers but 
only their density along the electron tracks. The 
total amount of energy loss and the number of 
ionizations produced are proportional to the num- 
ber of energy transfers; thus the measurements of 
X-ray dosages in roentgen units may also be ex- 
pressed as a “number of energy transfers per unit 
volume.” The frequency of production of gene 
mutations by X-rays is then proportional to the 
number of energy transfers independently of their 
density along the tracks of secondary electrons. 
Therefore, single energy transfers can be considered 
as independent imits of action, or as “a nearer 
cause of gene mutations.” 

As mentioned in Section 4, energy transfers are 
not always independent units of action when they 
occur too close to each other. This might happen 
because the effect of one energy transfer excludes, 
or makes useless, an analogous effect of other 
energy transfers, as in the saturation effect, or, on 
the contrary, because cooperative action of two 
adjacent energy transfers is helpful to produce an 
effect. A still different interaction due to quantum 
mechanical interference phenomena may occur 
when more than one energy transfer takes place 
within a single molecule. 

Consider now the phenomena associated with an 
energy transfer. On the average, approximately 
one out of three energy transfers produces an 
ionization, i.e. ejects an electron from its place; 
the other energy transfers produce simple excita- 
tions. An excess positive charge is temporarily 
left in the atom or molecule (positive ion) from 
which an electron has been removed. The ejected 
(tertiary) electron undergoes a series of processes 
analogous to the energy transfers. These proc- 
esses often occur very close to each other because 
of the small energy of the tertiaries. When the 
energy of an electron is so small that it cannot 
excite any more atoms, the electron keeps on 
wandering and undergoing large deflections until 
it is captured somewhere with release of excitation 
eneigy; most frequently it is captured by a neutral 
atom with formation of a negative ion. Positive 
and negative ions tend finally to neutralize their 
charges with further release of energy. A large 


fraction of the tertiary electrons have not suflident 
energy to produce any ionization; very few of them 
produce very many ionizations. On the average, 
two ionizations arise, directly or indirectly, from 
every tertiary electron. Thus the ionizations pro- 
duced by tertiaries bear to those produced directly 
by secondaries the same ratio (2:1) as the energy 
transfers without ionization bear to those with 
ionization; hence the total number of ionizations 
is just about equal to the number of energy trans- 
fers of secondary electrons. 

No method is available to vary the spatial dis- 
tribution of the ionizations and excitations accom- 
panying an energy transfer, because, as stated 
above, the quality of the energy transfers does 
not depend appreciably on the quality of radiation. 
Therefore it is impossible at present to analyze the 
“cause” of the production of gene mutations be- 
yond the stage of the physical action represented 
by the energy transfers of the secondary electrons. 
Therefore it is also impossible to recognize single 
ionizations as independent units of action: Some 
previous interpretations have been inexact on this 
subject, inasmuch as it was not considered that a 
change in the wave-length of X-rays does not affect 
the distributions of ionizations along the side- 
tracks of tertiary electrons, but only the distribu- 
tion of energy transfers of secondary electrons. 
Also, in the previous sections of this paper “energy 
transfers” should always be considered instead of 
ionizations. 

Jordan (1938b) and Lea (1940) recognized the 
impossibility of analyzing the action of the energy 
transfers and considered the production of a ter- 
tiary electron together with its whole action as the 
fundamental unit of action, the “ion cluster.” An 
ion cluster contains on the average three ioniza- 
tions (see above) but this average value is not the 
most frequent one (single ionizations are most 
frequent). Considering ion clusters as the funda- 
mental units means neglecting all those energy 
transfers which lead to simple excitations. 

A few more remarks can be made concerning the 
biological importance of ionization phenomena. 
On the one hand, the separation of charges which 
takes place at ionization gives rise to a metastable 
storage of activation energy which is released only 
at recombination; the longer this energy is avail- 
able, the more likely it is diat it can be used for 
any specific purpose, as, for example, for a bio- 
chemical change. Moreover, the separated 
charges might conceivably affect electrostatically 



252 


THE QVARTEELY MVIEW OF BIOLOGY 


the physico-chemical phenomena involved in bio- 
logical systems. On &e other hand, however, the 
amount of ionization produced by radiation is an 
important quantity mainly because it is directly 
measurable, at least in gases, and because it repre- 
sents a fair index of the amount of energy absorbed 
by matter and of the number of energy transfers of 
fast secondary electrons. The single ionizations 
themselves should not be considered as the units 
of biophysical action on the basis of the present 
knowledge, as shown above. Biochemical reac- 
tions may be activated by radiation independently 
of any ionization, that is, by simple excitations. 

The distribution in space of negative ions is the 
result of a long process of diffusion of very slow 
electrons and has little bearing on biological ac- 
tions. Therefore it is important to distinguish 
between the distributions of ions of different sign. 
Cloud chamber pictures may give a misleading 
picture of the spatial distribution of radiation 
effects, inasmuch as they do not show this distinc- 
tion. Finally the difference between the distribu- 
tions of positive and negative ions has been dis- 
regarded in theoretical calculations of the ion 
recombination, which were directed to determine 
the radius of action of a-partides Qaffe, 1914; see 
also Jordan, 1938a). Therefore values too large 
have been obtained for this quantity. 

SUMMARY 

The interpretation of radiogenetic experiments, 
which is given by the hit theory, may be subjected 
to criticism. The random distribution in space of 
the physical action of radiation seems to be only 
one among the factors determining the frequency 
of mutations. The lack of influence of the wave- 
length of X-rays on their genetic effects can be 
discussed and understood independently of the hit 
theory. A generalized treatment of the depend- 
ence of the effectiveness of radiation on the ion 
density enables us to consider the influence of 
several hitherto neglected factors on the theoretical 
relationship calculated by Lea (1940) . A modified 
pattern of biophysical analysis of the X-ray action 
is suggested, showing that the procedure usually 
intaided to determine the ^^nature of the hit” is 


equivalent to an investigation of the ^nearest 

cause” of a radiobiological action. 
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The aim of this department is to give the reader brief indications of the character^ the 
content^ and the value of new hooks in the various fields of Biology, In addition there will 
frequently appear one longer critical review of a book of special significance. Authors and 
publishers of biological books should bear in mind th^ The Quarterly Review of 
Biology can notice in this department only such books as come to the office of the editor. 

The absence of a booky therefore, from the following and subsequent lists only means that we 
have not received it, AU material for notice in this department should be addressed to B, H, 

Willier, Editor of The Quarterly Review of Biology, Department of Biology, 
Homewood Campus, The Johns Hopkins University, Baltimore, Maryland, U, S, A, 

INCREASE AND MULTIPLY in Sweden the paragon of our civilization and to advo- 

Being a review of Nation and Family by Alva Myrdal, cate imitation of its mores and laws. Even if this were 

New York (Harper and Brothers), 1941. Pp. xv H- possible, there are many features of the demographic 
441. 9i X 6 inches. $4.00. By Antonio Ciocco, trends in Sweden that deserve careful consideration. 

U, S, Public Health Service. "^cy are clearly outlined in the first part of the book, 

Man, long ago, made the interesting discovery that the excellent description of the population character- 
there are means whereby the mating urge could be istics of the countiy'. The p)opulation has been increas- 

satisfied while the chances of reproduction are mate- **^8 very slowly; the death rate has declined to a level 

rially reduced. This discovery has been one of the which it cannot go; the marriage rate is low; and 

main elements to upset the best laid plans of social l^^e illegitimate birthrate is high. Thus, as many stu- 

reformers who seek to regulate the sexual activities of dents of population prophesied, the trends of m at in g 
the individual. The tremendous technological progress behavior seem to lead to a breakdown of the family as at 

of the last century and the great increase in scientific present constituted. The author fears it and so appar- 
knowledge have extended also to the field of contracep- Solons of Sweden, 

tion and birth-prevention, and as a consequence those forestall the danger, the Swedish Population Com- 

w^ho g;uide the destinies of the societal group as well as nussion suggested a number of measures certain of 

its morals are faced with an increasingly bafiSing prob- which have been enacted into laws. The measures pro- 

lem. Their difficulties are enhanced at present because and instituted, described in the second part of 

contemporary students of population have reversed the book, not only serve to relieve from all of the classes 
viewpoint of the preceding generation and clamor about population some of the economic burdens which 

the dangers of depopulation. During the past two accompany the formation and maintenance of a house- 
decades in Belgium, France, Germany and Italy, legis- but go much further in ^e direction of repealing 

lative measures to stimulate child-bearing have been what are still considered, in this country at least, funda- 

introduced. Sweden has follow'ed suit and between mental principles of morality. Anti-contraceptive laws 

1934 and 1938 a Population Commission within the ^^e abolished, and sex education is regarded as an i^ 

Swedish legislative body was organized to study the scholastic curriculum. Laws regardmg stenliza- 

“population problem.” In this book Myrdal sum- tion and the induction of abortions have been broadened 
marizes the work of the Commission and comments on extent is not clear from the author’s exege- 

the results achieved, the recommendations made, and sis. As Myrdal points out the enactment of these laws 
law's passed. constitute a victory for the neo-Malthusian movement. 

Sweden has a population of only about 6i millions They certainly represent a frank recognition of the sex 
and it is predominantly a non-industrial country, yet it problems but in what manner ^ey wUl stimulate the 
has always claimed the interest of demographers and production of babies is not easily understood. How- 

other social scientists. The reasons are rather obvious, ever, there are other measures that bear directly on the 

First, the present system of vital statistics registration of encouraging childbearing. Within the frame- 

dates back a long time and is one of the most reUable of work of sickness insurance and free medical care— 

any country. Second, the Swedes have experimented measures which place Sweden in the vanguard relative 

with many social reforms on a national scale without to State medicine — the government furnishes kiahs to 

abandoning any of the overt characteristics of a demo- married cou];^es preparing to set up a household; gives a 

cratic form of government. This has led many to see '^maternity bonus” to all mothers, except those in the 
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high income brackets; provides for free school lunches 
for children; provides for equality of treatment of mar- 
ried and unmarried mothers, legitimate and illegitimate 
children. How successfully will these measures achieve 
their purpose? The author is hopeful but also points 
out that the laws still assume that the woman is to be 
fundamentally a home-maker, a function which she 
shows little desire to exercise so long as she has economic 
opportunities equal to those of the male. It is likely 
that the author has perceived and indicated the crux of 
the contemporary problem. If this is so, one can ex- 
pect that the Swedish experiment will give results similar 
to those achieved in other countries and in other periods. 
The failures of the past derive not from lack of sizeable 


efforts but from the nafvitft of the reformers who see 
the **problem of population*’ now as a problem of eco- 
nomics alone, now as one of moral behavior only and so 
on, but never in its entirety, as a problem of human 
biology. Although the author does take a broader view 
than usual of the problem, one notes unnecessary 
emphasis on the (a) need for and value of positive 
action, (b) goodness of the measures adopted in Sweden, 
and (c) distinction between the Swedish laws and those 
of other countries. Nevertheless, it can be said that 
this work constitutes one of the most interesting surveys 
of the population problem within the past decade, and 
one which will undoubtedly influence greatly American 
thought on the subject. 


BRIEF NOTICES 


EVOLUTION 

Proboscidea. a Monograph of the Discovery^ Evclu- 
Hon, Migration and Extinction of the Mastodonts and 
Elephants of the World. Volume II. Stegodontoidea, 
EUphantoidea. 

By Henry Fairfidd Osbom. Edited by Mabd Rice 
Percy. The American Museum Press^ New York. 
$20.00. 12i X 10); 805-1675 + 30 plates -h 2 fold- 
ing charts; 1042. 

Somebody once told a story of an international com- 
petition for the best book on elephants. It supposedly 
produced manuscripts by an Englishman on Where 
and how to shoot elephants,” by a Frenchman on 
'Tf’elephant et ses amours,” by a German for a ”Hand- 
buch des anatomischen Aufbaus und der geographischen 
Verbreitung der vorgeschichtlichen Elefanten und ihrer 
jetztzeitlichen Verwandten, mit einem Anhang Uber die 
Entwickelungsgeschichte des 2ahnsystemes,” and by an 
American, who won the prize, on ”The American Im- 
perial Elephant, the biggest of them all.” To some 
laymen it may also be merely amusing to hear that 
someone has actually written nearly 2500 large printed 
pages on the history of a group of mammals of which our 
recent elephants are the last survivals. If, however, 
they will examine this monumental and admirably illus- 
trated work, they will find that this is the best docu- 
mented, most nearly complete and, hence, the most 
convincing account of the entire evolution of one animal 
group that it has ever been possible to assemble. This 
sdiolarly history of the order of proboscideans by 
America’s foremost palaeontologist, the late Professor 
Osborn, covers a period of some 60,000,000 years, 
spreads over four continents and reveals nature’s con- 
stantly changing and widely diverging experiments m 
producing the largest of all terrestrial mammals. 

Ae first voliime of this monograph appeared in 1936 
(reviewed in this Journal, vol. 12, p. 211), the year after 
its author’s death. The present, second volume has 
been very ab(y edited by Osborn’s former secretary, 


Miss Mable Percy. There has been added a chapter on 
the geologic succession of the proboscideans by one of 
Osborn’s former assistants, E. Colbert, and a brief 
appendix on proboscidean dental histology by G. G. 
Simpson. The second volume deab with the last two 
of the five proboscidean suborders or superfamilies, the 
Stegodontoidea and the Elephantoidea and contains the 
general summary regarding the affinities, migrations, 
and phylogeny of the entire order. Here are also given 
a supplementary bibliography and the general index for 
both volumes. 

The enormous amoimt and varieties of fossil remains 
which form the basis for the large descriptive parts of 
this work have been unearthed over a period of more 
than three hundred years. In this material Osbom 
distinguished 5 superfamilies, 8 families, 21 subfamilies, 
44 genera, and 352 valid species and subspecies. No 
wonder the pedigree of the Proboscidea is a vastly 
complex affair; and still there remain imdoubtedly many 
gaps in our knowledge of ancestral elephants to be 
filled by future discoveries! The constmction of this 
pedigree is based to a large extent upon the careful 
analysis of the remarkable and manifold specializations 
in the dentition. It has been possible to show that all 
the many forms of molars are derived from simple four- 
coned ancestral grinding teeth. Numerous evolu- 
tionary trends, accounting for the varied changes in the 
skeleton are demonstrated step by step with a wealth of 
technical detail which itself had fa^tated the con- 
scientious reconstructions of the outer forms of the 
amazing array of extinct proboscideans. 

Osbom has been equally interested in the evolution 
of man as in that of the elephant. Comparisons be- 
tween these two great histories often occupied his mind, 
as is indicated by the following paragraph from his 
own pen, quoted in the summary of the volume under 
review: 

An insatiable Wanderlust has always possessed the 
souls of elephants as it has those of the tribes and races 
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of man. Not only to overcome the changes and 
chances of this mortal life, but also to gratuy their 
intelligent curiosity ever to explore afresh forests, 
pastures, fields, rivers, and streams, they have gone 
to the very ends of the earth and have far surpassed 
man in adapting their clothing and teeth to all possible 
conditions of Ufe. Thus the romances of elephant 
migration and concjuest are second only to the romances 
of human migration and conquest. Variety is the 
spice of elephant life, as it is of human life, and the 
very longing for a change of scene and of diet has been 
the indirect cause of what in scientific parlance we term 
adaptive radiation — the reaching out in every direction 
for every kind of habitat, in itself the cause of radiating 
or divergent evolution and adaptation. It is to this 
predisposition to local, continental or insular, and 
world-wide wanderings that we attribute the many 
branches and sub-branches which have been developed 
in this remarkable family. 



A Middle Eocene Flora from the Central Sierra 
Nevada. Contributions to Paleontology ^ Carnegie Insti- 
tution of Washington Publication 534. 

By Hany D. MacGinitie. Carnegie Institution of 

Washington, Washington, D. C. $2.50 (cloth); $2.00 

(paper). Hi x 81; iii 4* 178 -f 47 plates; 1941. 
It was the search for gold back in the era of the ^^forty> 
niners” that the outcrop of plant-bearing sediments 
were first uncovered in the Sierras. MacGinitie gives 
a brief account of the development of gold mining from 
placer methods to hydraulic mining, and the manner in 
which the beds became known. 

The miners became, indirectly, fossil collectors, since 
they piled the silicified logs . . . which occur in abun- 
dance, in windrows along the edges of the sluicing 
channels in order to facilitate the movement of the finer 
gravel. They also noted the fossil leaf impressions in 
the clay beds. These were brought to the attention 
of the United States geologists under J. D. Whitnev 
about 1875. A good collection was made at Chalk 
Bluffs and sent to Leo Lesquereux for determination. 
. . . Lesquereux . . . publish^ the results of his study 
as a Report on the fossil plants of the Aurif^ous Gravel 
deposits of the Sierra Nevada, lliis report is one of the 
classic papers in the literature of paleobotany. 

The present work is concerned with the fossil plants 
of Chalk Bluffs, a region 50-fi0 miles northeast of Sacra- 
mento, with an elevation varying from 1000 to 3000 
feet. The various localities from which the Chalk 
Bluffs flora came are all considered to fall in the same 
stratigraphic horiaon, with the possible exception of 
that at Cherokee. Fossil collections were first made 
about 1870 but the localities were temporarily lost 
after the decline of gold mining in the region. It was 
not until 1931 that members of the U. S. Forest Service 
rediscovered the rich fossil deposits. 

MacGinitie began his survey in 1933. In the present 
paper he gives interesting discussions of the geology 
of the region, climate and vegetation, composition of 
^ flora and relationships of the fo^ spedes, and 


environment of the fossil flora (including geographical 
distribution of similar living species, abundance of fossil 
species, ecological and climatic conditions, distribution 
and related problems). He finds that '^The Chalk 
Bluffs flora is shown by its composition and state of 
evolution to be the oldest of the six well known older 
Tertiary floras of the Pacific slope.” The forms repre- 
sented (over 75 are described) indicate a humid, sub- 
tropical climate for this region in early geologic times. 
Existing representations of these forms inhabit two 
areas: Southeastern North America including Mexico 
and Central America, and Southeastern Asia. Of the 
fossil angiosperm species, 36, or 54 per cent, are trees; 24, 
or 36 per cent, are shrubs or small trees; and 7, or 10 per 
cent, are vines. 

The excellent illustrations show characteristic views 
of the Chalk Bluffs region, modem forest vegetation of 
California and Mexico (9 plates), and fossil types (38 
plates) . A useful bibliography of four pages is included 
and an index of genera and species. 



How Man Became a Giant. 

By M. Ilin and E. Segal. Translated by Beatrice 
Kinkead. Illustrated by A. Komarov and E. A, Fur- 
man. J. B. Uppinadt, PhUaddphia. $2.00. 8 x 
51; 270; 1942. 

**There’s a giant in the world. He has hands that can 
lift a locomotive without the least effort. He has feet 
that can travel thousands of miles in a single day. He 
has wings that can carry him up above the clouds, higher 
than a bird can fly. . . . He has eyes that can see the in- 
visible . . . This giant is man.” In this*^ fashion the 
meaning of the title is explained in the introduction of 
this book for adolescents on man’s rise above his animal 
ancestry. 

This is a vivid popular account of human evolutum 
with the main emphasis on the development of man’s 
ability to fashion tools, to build homes, to formulate 
language and social organization, etc. In general, the 
authors have been guided closely by the best scientific 
evidence, so far available, but at times they draw rather 
heavily upon their imagination, particularly in those 
parts of the story regarding which the scholar would still 
have to admit large gaps in his knowledge. 

Among the many recent attempts to reconstruct 
man’s remote history for the layman, this little volume 
recommends itself by notable originality, good style and 
very attractive illustrations. Throughout, the one 
theme is developed enthusiastically and convindne^y: 
Man was once the slave of nature, as are all his felkm 
creatures, but he freed himself and became the master 
of the world. It is not even mentioned, however, that 
man has progressed pitifully little toward mastering his 
own nature. 
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GENETICS 

The Genetic and Endockinic Basis for Differ- 
ences IN Form and Bi^avior as Elucidated by Studies 
ef Contrasted Pure-Line Dog Breeds and Their Hybrids, 
American Anatomical Memoirs^ Number 19, 

By Charles R, Stockard and Collaborators with Special 
Contributions on Behavior by 0, D, Anderson and W, 
T, James. The Wistar Institute of Anatomy and Bi- 
ology, PMladdpMa. $7.50. 10 x 6i; xx 775 + 
113 plates; 1941. 

The demonstration that, in human beings, extreme 
diversities in type and constitution are associated with 
various modifications and diseases of the endocrine 
glands has led a number of investigators to suggest the 
possibility that hereditary modifications of the glands 
of internal secretion may account for the establishment 
of racial differences in man. It can be imagined that 
some relatively simple change in the genetic constitution 
which would bring about over-activity or under-activity 
of one or another of the endocrine glands might result 
in the establishment of a type which would be very dis- 
tinctive both in its form and behavior. In such a case, 
the endocrine complex would become an important in- 
termediary mechanism in evolution. The attempts of 
the late Doctor Stockard to test this thesis by exhaustive 
investigations of the morphological and behavioral 
characteristics of various pure breeds of dogs and their 
hybrids mark a milestone in the development of the 
study of endocrinology. 

The data presented in the present monograph ^ve in 
detail the results of the work at the Cornell Anatomy 
Farm since 1926. It is indeed fortunate that the greater 
part of the manuscript had been completed by Stockard 
before his death in 1938 but it is a matter of great regret 
that certain sections, notably the final integration of the 
results concerning the relation of the endocrines to type, 
are lacking. Without such an integration the various 
sections of the book stand as more or less isolated con- 
tributions, and to arrive at a general picture of the 
results of the work as a whole is somewhat difficult. It 
is clear that despite the great mass of material which 
has been obtained and the critical care with which it has 
been weighed and presented, many phases of the work 
are still in preliminary stages. Knowledge of the 
genetics of the various breeds of dogs is still relatively 
limited and the constant association of particular histo- 
logical characteristics of the endocrine glands with par- 
ticular physical types of dogs is by no means proved. 
These difficulties were clearly recognised by Stockard, 
however, and the data are presented with the reserva- 
tions which these limitations demand. This is a pio- 
neering investigation carried out with patience, insight 
and care, and its results are of great significance not 
only in^rdbition to the immediate problem at hand but 
also to many other lines of work. 


GENERAL BIOLOGY 

Biological Symposia. Volume IV. I. Population 
Problems in Protozoa, II. Experimental Control of 
Devdopment and Differentiation. Ill, Theoretical and 
Practical Aspects of Polyploidy in Crop Plants. IV. 
The Specks Problem. 

Edited by Jaques Caitdl. Foreword by SeweU Wright. 

The Jaques Cattdl Press, Lancaster, Pennsylvania. 

$2.50. 9t X 6}; xi -h 293; 1941. 

This book includes four symposia on such diverse sub- 
jects as Population problems in Protozoa, Theoretical 
and practical aspects of polyploidy in crop plants. Ex- 
perimental control of development and differentiation, 
and The species concept. 

The first symposium is concerned primarily, though 
not exclusively, with laboratory populations. Effects 
of both the composition of the environment and of inter- 
actions between organisms are considered. There is 
first a brief historical introduction followed by papers on 
the ecological aspects of natural populations, on labora- 
tory populations of flagellates, of ciliates, of blood- 
dwelling forms, and finally a paper inter-relating the 
work on protozoan populations to work on populations 
of animals in general. Particular emphasis is laid on 
the effect of the density of the original population on 
growth. 

The second symposium deals with several aspects of 
polyploidy. The practical aspects of the subject are 
dealt with in papers giving the results of induced poly- 
ploidy in floriculture and in breeding of crop plants. 
The method seems to be of value both in the immediate 
production of new varieties and in the transference of 
genes from one variety or species to another. The use 
of polyploidy in investigating more theoretical matters 
is shown in two other papers; one giving the results of 
investigations on evolution in the genus Nicotiana, the 
other discussing the occurrence and distribution of mu- 
tations in polyploids. 

In the third symposium, four papers are given on 
particularly well analyzed developmental systems. The 
first discusses the systems of reactions leading to eye 
pigmentation in Drosophila with emphasis on the r61e 
of individual genes. The second considers the effects 
of induced polyploidy on development in plants, par- 
ticularly Datura. The third treats the developmental 
reactions leading to the production of feather color pat- 
terns in the domestic fowl. Particular emphasis i s laid 
on studies of the interaction of melanophores and feather 
germs of different breeds. The final paper deals with 
investigations of the r61e of hormones in plant develop- 
ment. 

The last symposium is concerned with an analysis of 
the species concept and with some of the factors in- 
volved in species formation. The first paper is primar- 
ily a discussion of the species as viewed by the museum 
taxonomist. The method of action of natural selection 
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is considered in the second paper with emphasis placed 
on selection of physiological characters with incidental 
selection of correlated morphological characters. The 
third paper discusses geographical varieties in certain 
plants with an evaluation of the r61e of heredity and 
environment in determining the characteristics of the 
individual plant. The last paper is a consideration of 
the r61e of isolation on speciation in the insects of the 
Hawaiian islands. The symposium emphasizes the 
information on evolution that may be derived from mor- 
phological and taxonomic studies in the field. 

In general this series of s)rmpo8ia is an excellent 
addition to the previous ones. The value of most of the 
papers is enhanced by short lists of references, though 
in a few cases such lists are regrettably lacking. 



Genekal Biology for Colleges. 

By Gairdner B. Moment, Z>. Applekm-CerUury Com- 

party, New York and London, $4.00. 8} x 5} ; xix + 

661; 1942. 

The author has written this text with three principle 
aims in view: to present the material in as clear and 
logical a way as possible; to give the evidence for the 
conclusions that are made; and to show the human 
significance of the subject. These aims are excellent 
and in many respects the book lives up to them. It de- 
votes considerable space to the experimental evidence, 
giving space to newer work as well as to the older, classic 
cases. The historical development of many of the sub- 
jects is worked in as an integral part of the text. The 
functional aspect of biology is emphasized, though 
morphology is not neglected. An extensive glossary 
and numerous excellent illustrations add greatly to the 
clarity of the text. 

In many respects then this is an excellent book so 
that it is to be regretted that it does not always live up 
to the author’s aim of clear presentation. Particularly 
in the early chapters, concepts and terms are introduced 
for which the student has not been adequately prepared, 
and the explanations of these are often far too brief. In 
several places examples are introduced to make a certain 
point clear. However, these examples are often ones 
which would be familiar only to the trained biologist. 
Not infrequently the present reviewer had the impres- 
sion that the author was writing with his professional 
colleagues in mind rather than the student. If some- 
what less material were introduced and more fully ex- 
plained, the reviewer believes that the student would be 
less likely to be left floundering in a maze of unfamiliar 
ideas. 

The general plan of the book is good. It starts with 
discussions of the science of biology in general and the 
universal characteristics of living things. Several 
chapters are then devoted to plants, including structure, 


physiology, and reproduction. Following this, ecologi- 
cal relationships of plants and animals are considered. 
Then come a number of chapters on animal morphology 
and physiology including nervous and hormonal coordi- 
nation. The more general biological problems of 
reproduction, development, heredity, and evolution arc 
then discussed. The last two chapters are a history of 
life on the earth and a fairly detailed review of the phyla 
of the animal kingdom. Lists of “Useful References’* 
are given at the end of each chapter and there is an 
extensive index. 



British Graham Land Expedition 1934-37 Sckem- 
TiFic Reports. Volume /, No. 8, Tidal Observalions in 
Graham Land. Part /, by Brian Roberts; Part II, by R. 
E. Corkan: No. 9, A Bibliograpky of Antarctic OrnUhol- 
ogy, by Brian Roberts. Also Contents and Introduction; 
British Graham Land Expedition, 1934^37, Scientific 
Reports, Volume /, Nos. 1-9. 

The British Museum (Natural History), London. 

No. 8: Is., No. 9: 2s. fid. 12i x 9; No. 8: 327-335, No. 

9: 337-367; Contents and Introduction: 6; 1941 

(paper). 

These two numbers conclude Volume I of this important 
survey (cf. Q. R. B., Vol. 16, p. 489 for nos. 1-6). 
Number 7 describes the two automatic gages used in 
making tidal observations and discusses the reduction 
of the tidal observations of the present expedition to 
Graham Land and of the expedition in 1920-22. In- 
formation is also given on tidal data of Drake Strait. 
Tables and text figures and a map form part of the re- 
port. 

Concerning the bibliography of antarctic ornithology 
Roberts says: 

It is still too early to make the publication of such a 
work profitable. With the present taxonomic confu- 
sion, even the compilation of a list of species recorded 
from this interesting region presents serious difiiculties. 
No adequate series of antarctic or sub-antarctic spm- 
mens, representing forms from the entire breeding 
range of a single genus, have yet been brought together; 
and if all existing collections were to be combined, they 
would still be quite inadequate for the purpose. Re- 
cent stupes have revealed intricate diversity among 
certain groups, while others appear to have an ex- 
tremely wide distribution without exhibiting any 
marked geographical variation. A sound classification 
of antarctic birds must await the collection of very 
many more specimens. 

For the above reasons Roberts confines himself to 
providing necessary material for future work. He 
gives (1) a list of antarctic expeditions, with observers 
and collaborators who have published ornithological 
results (this aims to include the ornithological results of 
every antarctic expedition up to 1940) ; (2) publications 
listed in (1); (3) miscellaneous publications based on 
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museum and literary research; and (4) an index of 
localities. 

For those who have the previous numbers of this fine 
survey — probably the last of its type for many years to 
come— a table of contents and introduction are pro- 
vided. 



A Symposium on Hydxobiology. 

By Various Authors. The University of Wisconsin 

Press, Madison. $3.50. 9J x 6; ix + 405; 1941. 

It is truly fitting that one of the recent very important 
contributions to the science of hydrobiology should 
come, in the form of the present Symposium, from the 
University which has done so much to advance that 
science in our country. 

The scope of hydrobiology has, in the past few years, 
become so great that investigators in the field have been 
forced to make extensive use of chemistry, geology, and 
physics in order to solve their many problems. The 
present Symposium emphasizes very well this trend. 
The various papers deal with sedimentation, the rdle of 
dissolved gasses and of treated and non-treated sewage 
on various aquatic organisms, methods of chemical 
treatment of natural and artificial bodies of water, the 
r61e of sky and solar radiation in the determination of 
lake populations, and the relation of hydrobiological 
studies to problems of hygiene and sanitation. The 
volume brings out the breadth of the field which is in- 
cluded under the term hydrobiology and shows how 
important economically such studies are. Abstracts of 
papers presented in a volunteer program are included. 

The Symposium is well edited and the papers are 
carefully written and adequately illustrated. It is im- 
possible to pick out any one paper which is worthy of 
special note since each covers its topic adequately and, 
most important, each presents several unsolved prob- 
lems in such a manner as to stimulate further investiga- 
tion. It is unfortunate that no index has been provided. 



Book of Bays. 

By WaUam Beebe. Harcourt, Brace and Company, 

New York. $3.50. 8i x 5i; xviii + 302; 1942. 

A popular account of the second voyage of the yacht 
Zaca which carries us on a leisurely journey along the 
3000 miles of the Pacific Coast from Lower California to 
the shores of Colombia. Beebe’s ability to infect the 
reader with something of his own never-ending curiosity 
and boundksa enthusiasm concerning the lives of ani- 
mals qf all kinds, including the human animal, is well 
exen^rfified in this book, and his brief pictures of such 
dtveisetubjectsas the homing instincts of limpets, the 
iridescent colors of the boa constrictor and the joys of 


circus day in Salvador, make entertaining reading in- 
deed. The critical zootogist must take exception to 
some of the broad generalizations contained in the intro- 
ductory chapters on the evolution of aquatic animals 
and to the misuse of some technical terms, such as the 
reference to the existence of “gills” in the human em- 
bryo and the use of the term “cetaceans” to designate 
the sea-lions. The layman, however, will leave the 
book with an increased knowledge of some of the prob- 
lems with which the biologist is concerned and an added 
interest in natural history. 



The Open Book of Wild Life. An Introduction to 
Nature Study. 

By Rickard Morse. With a Fotiword by David Seth- 
Smith. The Macmillan Company, London and New 
York. $3.00. 8ix5|;viii-f- 240 + 16 plates; 1941. 
Natural history and evolution are the keystones around 
which this treatise on British fauna and flora is built. 
The work is intended primarily for popular consump- 
tion, and as such presents the human interest side of 
biology in a very logical manner and in non-technkal 
terms. Particular emphasis has been placed upon the 
social life among the lower forms, and the means 
whereby they meet the hazards of their natural environ- 
ment and hence insure their own individual survival as 
well as the survival of the race. 

The work is illustrated with a number of exceUent 
line drawings and photographs (some in color), and is 
carefully indexed. In the hands of British nature 
lovers, the volume should prove to be a worthwhile 
contribution. 



A Natukaust in Canada. 

By Dan McCowan. The Macmillan Company, To- 
ronto. 15s. 8} X 5}; xii + 284; 1941. 

This book consists of a series of disconnected essays on 
various matters that come to the attention of the field 
naturalist. Not only do the habits and appearance of 
plants and animals figure in it, but also such related 
subjects as geology, folk-lore, the age in which animals 
live, the melting of the glaciers, forest fires, etc. The 
book b not only good natural hbtory, but also good 
literature. It is illustrated with numerous photographs 
by the author, and two humorous drawings contribute 
not a little to the reader’s enjoyment. 



Unxvessity of Washznoton Publications in Biol- 
ogy. Volume 10, Nos. 1, 2, 3. The Coleoptera of 
Washington, Cardbidae: Agonini, by Barbara Gray 
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and Melville H. Hatch; SphaerUidae and Histeridae^ by 
Rita Margaret McGrath and Melville H. Hatch; Bu- 
presUdae, by Frank M. Beer and Melville H. Hatdi. 
UniversUy of Washinfiton Press ^ Seattle, $1.50. 

X 7; 144; 1941 (paper). 



HUMAN BIOLOGY 

Sea 07 Cortez. A Leisurely Journal of Travel and 
Research with a Scientific Appendix Comprising Mate- 
rials for a Source Book on the Marine Animals of the 
Panamic Faunal Province, 

By John Steinbeck and Edward J, Ricketts. The Vik- 
ing Press, New York. $5.00. 9i x 6; x + 598 + 40 
plates + 2 charts ; 1941. 

Forgotten Waters. Adventure in the Gulf of Cali- 
fomia. 

By Randolph Leigh. J. B. Lippincott Company, 
PhUadelpkia. $3.00. 9 x 6; 324 4* 24 plates + 2 
maps; 1941. 

After an unmerited neglect of about two centuries, one 
of the world’s romantic bodies of water is being discov- 
ered anew. The ^^Vermilion Sea” (so-called on account 
of the great quantity of plankton in its upper reaches) 
differs in many ways from most other bodies of water. 
It is one of the very few gulfs without a bar at the en- 
trance, but notwithstanding this it has a well marked 
seiche, the greatest tide-fall in the Pacific, and one of 
the greatest tidal bores in the world. It has one of the 
richest and most diversified marine faunas known (the 
town of £1 Muleg4 would be an ideal site for a laboratory 
of marine biology) and at Cape San Lucas the boundary 
between the Californian and Panamic provinces is 
almost as sharply discontinuous as Wallace’s Line in the 
East Indies. Nowhere else in the world except possibly 
at Bermuda, is the influence of the tropics felt so far 
north. The pearl industry of La Paz is second only to 
that of Manila, and cannibalism continued on Tiburon 
after Thackambau had suppressed this practice in Fiji. 

To those who are imbued with the spirit of Kipling’s 
poem about the explorer whom an inner voice impelled 
to search for something lost behind the ranges, the Gulf 
holds up a beckoning finger and a *^come-hither look in 
the eye.” Nowhere is the sea water more transparent 
than off the coast of Cochore, nowhere are the sunsets 
more brilliant than at Bocodubampo, and nowhere are 
the stars so bright or so numerous as in the sky of the 
Sonoran desert, fifty odd miles from the nearest water 
hole. 

The recorded history of the gulf begins with the 
rivalry between Cortes and Mendoza, both of whom 
sent expeditions to its head waters to look for the Strait 
of Anian, a m 3 rthical channel thought to communicate 
with Puget Sound, thus making California the world’s 
largest island. Although neither one found the strait, 
neither one could convince the European cartographers 


of its non-existence, and it continued to appear on sub- 
sequent maps until 1701 when Padre Eusebb Kino, the 
missionary who made history as a by-product, com- 
pleted his journey by land from Pimerfa Alta (Arizona) 
around the end of the gulf, demonstrating conclusively 
the peninsularity of Baja California. 

Stembeck’s story of the expedition which he and 
Ricketts led mto the gulf in search of bblogical material 
reads like one of his noveb. The narrative of adventure 
holds the attention of the reader by his descriptions of 
the small boys who swarmed over their boat at every 
port, trymg to earn a few centavos by bringmg speci- 
mens, the officials who stared at their impressive lookmg 
documents without quite understandmg them, the 
shiftless Seri Indians completely deficient in that feroc- 
ity that characterized their ancestors, as well as by his 
vigorous account of the climatic vicissitudes through 
which they passed. But Stembeck never forgot that 
the expedition was primarily for scientific purposes, and 
he did his share of tummg rocks and gathering mollusks, 
worms, and echmoderms, mcidentally lacerating his 
hands on the barnacles and toughenmg his epidermis m 
the salt water. 

Ricketts is also an author of standing. He has con- 
tributed to this work a chapter of instructions to col- 
lectors, very helpful lists of species taken, and biblio- 
graphic references. No similar survey of this region 
has been undertaken smce Johann Xantus stored his 
collections m Manzanillo and slipped through the 
blockadmg fleet of the French m a rowboat at night, to 
be picked up by a passenger boat on the open ocean the 
next day. It does not take much imaginatbn to visual- 
ize the shade of this biological pioneer bibwing the 
cruise of the Western Flyer vrith mterest and sympathy. 

The object of Leigh’s expedition was to study the silt 
deposition of the Colorado. His conclusion is that m 
times past this was adequate to compensate for the 
erosion of the delta by the tidal bore, but that Boulder 
Dam has destroyed this balance, so that drastic steps 
must be taken to prevent the waters of the gulf from 
eventually submergmg the Imperial Valley. This 
theory is not likely to meet with universal acceptance. 
In the past forty years no silt from above Boulder Dam 
has reached the delta, owing to the desilting dams at 
Parker and Laguna. Further, the peak load of silt that 
a stream can cany is a unique function of its velocity 
and flow volume, and normally these are such that the 
saturation of the water desilted at Laguna is restored 
above the delta. While Lake Meade was filling the 
flow volume was naturally reduced, and the head waters 
of the gulf doubtless did advance northward somewhat, 
but when Lake Meade had filled, the flow volume was 
restored. As the quantity of water removed for agri- 
cultural purposes is increased the flow volume will be 
diminished accordingly, but a perceptible reduction of 
siltation from this cause is probably a long way in the 
future. 
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But Leigh does not confine his book to his problem. 
He writes delightfully of the seven towns on the gulf 
shore, which he identifies with the Seven Cities of 
Cibola. His narrative of the voyages of Alarcdn, Link, 
Consag, and the other pathfinders of early American 
history strikes fire from the imagination, though he is 
guilty of a lapsus calami in stating that Nufiez and Este- 
banfco were killed by Indians at CuliacAn. As a mat- 
ter of fact, Estebanfco met his death in Arizona while 
serving as guide for Marcos de Niza, while Nufiez re- 
turned to Spain and many years later explored the upper 
reaches of the Rio de la Plata. 

There are a few other slips — such as the estimated 
tidal difference of 50 feet near Phillips* point, the inclu- 
sion of the seals among the Cetacea, and the statement 
that Guaymas is likely to supplant Hermosillo as me- 
tropolis of Sonora, when probably the reverse was 
intended. But these do not detract from the enjoyment 
that the reader will derive from the perusal of the book. 

To those who enjoy travelling in unfrequented and 
unfamiliar places, but whom circumstances compel to 
remain close to their hearthstones, these books weave a 
magic carpet on which we may penetrate in imagination 
beyond one of the few remaining frontiers in North 
America — a frontier incidentally not far beyond our 
own borders. To all such a great treat is held in trust 
between the covers of these books. 



Principles of Anthropology. 

By Eliot Dismore Chappie and Carleton Stevens Coon. 

Henry HoU and Company^ New York. $3.75. 9J x 

6t; xi -f 718; 1942. 

Anthropology as a science is scarcely one century old. 
In this country the term anthropology is applied to what 
in Europe is mostly called ethnology. For a long time 
this science concerned itself merely with the curious 
habits and queer handcraft of “primitive people.** In 
the last few decades, however, the chief interest shifted 
to, and rapid advances have been made in, the analysis 
and understanding of man*s behavior and social rela- 
tions, including those of modem “civilized** races. In 
its most recent development, anthropology has come to 
be defined as the science of hiunan relations. Individu- 
als are grouped in familiar, occupational, and institu- 
tional groups through relations which are determined 
by our habits, by techniques, by adaptation to environ- 
ment, and by symbols and conventions for transmitting 
information, all of which together form our culture. 
These relations change with time and have become 
steadily more complex. 

Gui^ by the latest views of modem anthropology 
the authors of this scholarly work have succeeded in 
supplying a much needed, up-to-date and comprehen- 
sive textbook of “human relations**, of great service to 
students as well as teachers. The book will also be very 
stimulating to historians and instructive for biologists. 


interested in behavior. The authors have wisely 
limited their attention to facts directly ascertainable 
from observations and have selected and arranged their 
objective descriptions in a clear and orderly manner, 
leading to amply supported and often novel deductions. 

The wide scope of the book is best indicated by nam- 
ing some of the most significant titles in the table of 
contents: The comparatively brief first part attempts 
to explain at least some of the biological foundations of 
human relations, especially the physiology of emotions, 
the development of conditioning and of personality, etc. 
This rather ambitious introductory section contains a 
few claims with which not all neurologists and psycholo- 
gists will agree. A second part of over 200 pages dis- 
cusses environment and technology, in particular such 
topics as manufacturing, gathering, husbandry, trans- 
portation, and division of labor.'' A third part, of 188 
pages, is devoted to the systematic description of the 
development of institutions, such as the many and often 
complicated aspects of the family, and the fascinating 
and at times disillusioning history of political, economic, 
and religious institutions. The last two parts, of 231 
pages, consider symbols and human relations, discussing 
such varied matters as rites of passage, rituals, magic, 
language, art, games, warfare, money, and law. The 
last paragraph of the conclusions is especially timely 
and worth quoting here: 

Because anthropology, as we have seen, regards man 
as a whole, it can provide a unifying center around 
which a science of human relations can grow. The 
technological problems which plagued the people of an 
earlier day, problems of food and shelter and health, 
of more efficient means of transportation and com- 
munication, have largely been solved. We can look 
forward to increasing technical triumphs provided we 
are able to master the maladjustments in human rela- 
tions resulting from technological change. At the 
present time, little attempt is made even to use what 
we already know in dealing with such problems. Only 
when the science of human relations becomes as fully 
developed as the older natural sciences can we hope to 
eliminate sources of individual maladjustment, bring 
about harmonious relations between the many groups 
making up a single nation, work out more effective and 
democratic systems of government, and extend their 
sway to the relationships between nations. Only with 
such a science can the basic problem of our civilization 
be solved, — how to increase our human adjustment and 
at the same time to increase our technological efficiency. 

The appendix contains an excellent reading list of 70 
titles, a useful glossary, needed in view of the specialized 
definitions of many words not in common use, and a 
detailed index. 



The Social Life of a Modern Coioutnity. Yankee 
City Series. Volume One. 

By W. Lloyd Warner and Paul S. Lunt. Yale Uni- 
versity Press f New Haven; Oxford University Press, 
London. $4.00. 9} x 6; xx + 460; 1941. 
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''Yankee City,” the research site, is an old New England 
town, chosen for study because it is a well integrated 
community "where the various parts of society were 
functioning with comparative ease,” it has a few indus< 
tries and factories, is autonomous and not a satellite of 
a large city, contains a number of ethnic groups and has 
a population of between 10,000 and 20,000 (actually 
17,(XX)). The information for this volume and the five 
others contemplated in the series, was assembled by an 
elaborate system of interviewing, observing, study of 
newspaper items and genealogies, etc., over a period of 
10 years. 

A social hierarchy in this community was discovered 
to cofisist of six classes, with only 3 per cent of the popu- 
lation falling into the two upper, and 85 per cent being 
fairly evenly distributed into the three lowest. The 
upper-lower was the largest of all classes, the lower-lower 
the smallest of the three lowest. The sharp breaks in 
numerical and percentual size of the classes occurring 
at the junctures upper-middle-lower-upper and lower- 
middle-upper-middle are construed to indicate that 
**the movement into and out of the upper-middle class 
is relatively less than in the other classes.” The upper- 
upper class had a higher than average proportion of 
men, with the other classes presenting a fairly even 
distribution with regard to sex ratios. Residence (loca- 
tion and kind), marital condition, number of children, 
property ownership, budget items, occupation, mem- 
bership in clubs, lodges, fraternities and churches, edu- 
cation of parents and children, crime and delinquency, 
reading habits (kind and number of books, magazines 
and newspapers bought or read) and the use of the 
public library, movie attendance, the choice of doctor, 
lawyer and other professional services, and proportion 
of ethnic members, all appear to be influences in some 
way by class factors — not necessarily monetary. 

The first half of the book is given over to a descrip- 
tion of the method, a description of the town and its 
biological characteristics, and a series of "profiles” pre- 
senting composite pictures of members of the various 
classes and illustrating as well mobile processes, both 
up and down the social scale. The later chapters give 
statistical analyses of the class similarities and differ- 
ences as exemplified in the items listed above. 

This study is of interest not only for its findings but 
for the application to a modem civilized community of 
a method which was originally developed by the senior 
author for the study of the social structure of a primitive 
Australian tribe. The research was conducted by the 
Committee of Industrial Physiology at Harvard Uni- 
versity. 



The Social Orgamizatiok or the Western Apache. 
By Grenville Goodwin, The University of Chicago 
Press, Chicago. 14.50. 8i x 51; xx + 701; 1^. 
This is a soUd, authoritative, and very obviously sincere 


work with a richness of detail which adds rather than 
detracts from the flow of interest. Most of the material 
the author obtained from the Western Apache of Ari- 
zona themselves, while he lived among them. On the 
reservation he was able to acquire an intimate knowl- 
edge of the day-to-day functioning of the social struc- 
ture and to listen as well to the stories of a number of 
old Apache men and women, some of whose lives cov- 
ered nearly a century and who recalled happenings told 
them by their parents and grandparents. By the 
addition of material from documentary and historical 
sources, the author was thus enabled to trace and com- 
pare the social and economic organization of the Apache 
from the aboriginal life, through the period of early 
contact with the whites and the uprooting to govern- 
ment reservations, to their present mode of life in a 
modem reservation community. Reservation life has 
wrought changes in practically all of their social, cul- 
tural and economic institutions, customs, and rituals — 
kinship practices, marriage, death and burial, children's 
play, etc. The one exception appears to be religion, for 
although war chiefs have become a thing of the past, 
the shamans still function much as they did in pre- 
reservation days. Apparently the most that the 
Catholic and Lutheran missionaries have succeeded in 
doing is to confuse the Apache concerning beliefs in the 
hereafter. As one Apache put it: "Nowadays we be- 
lieve that the good people go to a place above and the 
bad to a place below. No one has ever been to the place 
above and come back so we don't know just where it is.” 

Of particular interest are the analyses of the clan 
organization and kinship systems. These lead "to the 
definition of a new type of 'phratry' for^this region in 
which clan groups are joined together in 'chain fashion' 
rather than being sharply segregated.” The very de- 
tailed observations of the play activities and training of 
children in their social and cultural setting should be of 
particular value to students of child development. 

Goodwin had planned a series of monographs on 
various aspects of Western Apache life. With his death 
at the age of thirty-three, before this book was pub- 
lished, American Anthropology lost a brilliant and 
promising member. 



Irene Mound Site, Chatham County, Georgia. 
By Joseph Caldwell and Catherine McCann. With a 
Section on Physical Anthropology, by Frederick S. 
Eulse. University of Georgia Press, Athens. $1.50. 
lOi X 8J; xiv -I- 84 -h 25 plates; 1941 (paper). _ 
This is a report of the first extensive excavations of the 
Irene Mound Site, located five miles from Savannah, 
Georgia, on the western bluff of the Savannah river. 
The region was known to the early settlers, and since the 
civil war sporadic investigations have been carried on. 
Intensive work commenced during the depression as 
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part of the Archaeological Project of Works Project 
Administration. 

The large mound from which the site derives its name 
is 15} feet high and 160 feet in diameter. A smaller 
mound, the burial mound, 55 feet in diameter and 2} 
feet high, is immediately to the west of the larger 
motmd, the edges of the two overlapping. Two large 
burrow pits are nearby. Identification of the site with 
any particular group of Indians was impossible but 
there is evidence that the last occupation lasted almost 
to historic times. 

The excavations showed that the site was occupied 
by eight building stages. 

The most impressive feature of the Irene site was the 
lar^ proportion of presumably ceremonial buildings 
and inclosures, and the relatively small number of 
possible habitations. Evidently the site was a politi- 
cal or ceremonial center or both for the population of a 
considerable area. Despite the apparent lack of hous- 
ing facilities, the large amount of midden indicates that 
domestic as well as ceremonial activities were carried on. 

On the basis of the pottery studies, two main ceramic 
periods are recognised, an earlier Savannah and a later 
Irene. The burial mound was begun sometime during 
the Savannah period. One hundred and six intern- 
ments were found with many of the bones in good con- 
dition and suitable for measurement. A mortuary 
built during the Irene period was probably used as a 
repository. Bone measurements show that in their 
ph}rsical characteristics the inhabitants were American 
Indians similar to those in neighboring regions. 

The report is well supplied with illustrations and 
plates, showing pottery, plan of the buildings, skulls, 
artifacts of bone and of flint. A bibliography is pro- 
vided but there is no index. 

The Haitian People. 

By James 6. Leyburn. Yak University Press, New 

Haven; Oxford University Press, London. $4.00. 

9i X 6; X -h 342; 1941. 

The Republic of Haiti, one of the smallest of the Latin- 
American republics, holds much interest for the people 
of the United States. Its war of independence, fought 
only twenty years after our own, made it the second 
free state in the hemisphere and the first independent 
Negro state in the modem world. The recent nineteen- 
year American occupation of the country has resulted 
in a dose relationship between the two republics. Un- 
fortunately, however, the average American’s knowl- 
edge of Haiti has be^ gleaned largely from sensational 
works ol fiction concemmg its early leaders and from 
over-dramatised accounts of its ^‘Voodoo” practices. 
The book under review, according well with our present 
policy of good neighborliness, affords a clear, succinct 
account of Haitian life and customs without either sen- 


sationalism or over-dramatisation. The author, on the 
basis of a personal acquaintance with the country and a 
firm background of research concerning its history, here 
presents *‘a connected story of the growth of its social 
institutions out of the backgrounds of slavery and 
French colonial life” and ”of the slow diaping of these 
institutions through the nineteenth century.” The 
political history of the coimtry is recounted in some 
detail and the influences exerted upon the social strac- 
ture by the efforts of the great leaders of the early days 
— Toussaint L’Ouverturc, Dessalmes, Christophe, 
P6tion and Boyer — are critically evaluated. The evo- 
lution of the two great “castes”, the 61ite as opposed to 
the masses, is followed and the lines of demarcation 
which separate them are traced to their origins. The 
backgrounds of the religious beliefs of the country, in- 
cluding “Vodim”, and the domestic life and politics of 
the people are fully considered. A final section deals in 
a most enlightening manner with modem Haitian 
problems: problems of over-population, national health, 
and national education, as well as the more intimate 
problems arising from the “caste” system and present- 
day color barriers. There is a comprehensive bibliog- 
raphy and a well-planned index. 

A scholarly and sympathetic account of the Haitian 
people, this book will be of the utmost value to all who 
are interested in our Latin- American neighbors, whether 
as serious students or as casual visitors. 



Peobation and Pabole Progress. Yearbook Na- 
tional Probation Association Nineteen Hundred and 
Forty-one. Current Opinion on the Treatment and Pre- 
vention of Delinquency and Crime. Papers Given at the 
Thirty-Fifth Annual Conference of the Association at 
Boston, May 29-31, and Atlantic City, June 2-4. 

Edited by Marjorie Bell. The National Probation 

Association, New York. $1.25 (paper) ; $1 .75 (cloth). 

9x6; 470; 1941. 

It was in 1841 that John Augustus, a Boston shoemaker, 
bailed into his custody a poor inebriate brought before 
the Boston court and thereby gave impetus to the pro- 
bation movement in the United States. Thus this 
yearbook, which is a compilation of papers presented at 
the 1941 meetings of the National Probation Associa- 
tion, appropriately opens with a section of papers on 
John Augustus, his successors, and a history of the 
development of the probation movement and the closely 
related service of parole in this country. The other 
papers are arranged into five sections. In “The 
offender in the making” some of the less obvious social 
causes of crime and delinquency are brought out. The 
increasing need for case and clinic work is the main 
theme of the sections on “Trends in juvenile court prac- 
tices” and “Probation and parole case work,” the latter 
being more concerned with the adult or the family as a 
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unit. In the group entitled ^^Aiding the adolescent*’ 
Frits Redl gives a penetrating analysis of adolescent 
changes as a factor in delinquency, in which he stresses 
particularly the t 3 rpe 8 of changes, psychological or envi- 
ronmental, which may act either to decrease or to foster 
chances at therapy. This section also contains three 
papers on the pros and cons of the Youth Correction 
Authority Act, and a brief survey of the set-up and pro- 
cedure of the Borstal System in England and the United 
States. The last section ’’Utilizing group situations,** 
again deals with work with children and youth and 
describes the experiences with a group of maladjusted 
school children in Budab, the Y Rangers Boys* Club 
in Westchester County, New York, and the citizenship 
training program of the Boston juvenile court. 



Four Years in Paradise. 

By Osa Johnson. J. B. Lippincott Company ^ Pkila- 

ddphia. $3.50. 9} x 6i; 345; 1941. 

Five hundred miles north of Nairobi lies Lake Paradise, 
so named very appropriately by the late Martin John- 
son and his wife, who is the author of this book. At 
this remote and beautiful place the Johnsons had spent 
four years in recording by moving pictures the prac- 
tically undisturbed local wild life. 

The book tells of the hardships, risks and pleasures 
encountered in photographing the large game and the 
natives in the surroundings of the Johnsons* elaborate 
camp by the lake. Much of their interesting experi- 
ences and their many adventures in Africa had already 
been described in several previous books by Martin 
Johnson. The present volume by Osa Johnson devotes 
much space to a woman’s interests and activities in a 
busy life in the wilderness. She recounts in detail how 
she created a comfortable home, a productive garden, 
an efficient kitchen, how she entertained guests, at- 
tended to her pets, and with it all found time to sit in 
blinds at night, observing lions and other nocturnal 
prowlers, or go hunting and fishing with varied success. 
There is much one can learn from these pages: What to 
do when an elephant is about to charge, that one is not 
always safe from lions when riding in a car— as the 
author found when she had to shoot one old male which 
sprang and fell across the hood with one foot through 
the windshield — that there is no such thing as the often- 
claimed ’’elephant graveyard,” that porcupine quills 
are excellent for digging out jiggers from under one’s 
toenails, how birds can be cooked to perfection, un- 
plucked and undrawn, if baked in clay, and much other 
widely var 3 dng information. 

The volume is enriched by numerous fine photographs 
showing African landscape, fauna and natives, as well 
as the author in many different poses and costumes. 
There is the usual glossary accompanying most recent 


books on Africa and an index which is too brief for real 
usefulness. 



The Pueblos: A Camera Chronicle. 

By Laura Gilpin. Hastings House, New York. 

$3.00. 9i X 7; 124; 1942. 

Among the most fascinating chapters in American 
archaeology and anthropology are those dealing with 
the Pueblos and Cliffdwellers of our Southwest — chap- 
ters which cover a period of over a thousand years. 
The homes of these people have in many instances been 
remarkably well preserved, or could be restored with 
justified confidence. There were villages in the valleys 
very similar to the present day Pueblos* dwellings and 
there were clusters of houses and towers on mountain 
tops and in the sides of almost inaccessible cliffs, the 
houses at times five stories high and several hundred 
feet long, providing shelter for an aboriginal population 
much in excess of that of to-day. These homes were 
fashioned of local stones and timber with crude tools 
and without mortar, but they were built to endure and 
designed to harmonize with their environment to 
perfection. 

This book is mainly a collection of over 70 varied and 
beautifully reproduced photographs, showing the homes 
of the early Pueblos and the country in which they 
lived, together with many views from the daily life of 
their present descendants. Each picture is accom- 
panied by brief, yet ample and instructive comment. 
A small map is included, indicating the location of some 
of the more important Pueblo ruins and contemporary 
settlements. Visitors to New Mexico and the sur- 
rounding states will find this little volume a stimulating 
guide, and everyone interested in early Americans will 
be delighted with these well-chosen pictures of some of 
our most ancient as well as most beautiful historic 
monuments. 



Culture Element Distributions; XVII Yuman- 
PniAN. Anthropological Records, Volume 6, Number 3. 
By Philip Drucker. The University of California 
Press, Berkeley. $1.25. 11 x SJ; 91-230; 1941 
(paper). 

The aim of this study is twofold: 

to present a series of comparable data on the ”ran- 
cheria” groups of the southwestern United States as a 
part of the University of California program of the 
culture-element survey of western North America; 
and second, to establi^ the cultural position of these 
tribes in relation to those of i^ighboring re^ns. This 
set of lists is meant to tie in with three previously made: 
Gifford’s survey of the Puebloan and Athabascan 
Southwest . . . , Stewart’s southern Basin survey . . , , 
and the southern Californian survey by the present 
writer 
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Data are given from seven Yuman-speaking and four 
Uto>Aztekan groups. Information was obtained from 
individuals of these groups. In order to obtain a check 
on the reliability of this kind of information Drucker 
compared his data with available literature. He found 
*^the amount of error is reasonably low (I should esti> 
mate about 5 per cent of the total entries), and this 
error is chiefly in matters of minute detail.” Points of 
disagreement have been cited in section ^^Ethnographic 
notes on the element list.” 

The culture element distributions are arranged in 
tables under the following broad headings: subsistence, 
material culture, amusements, social culture, individual 
development, ceremonials. Shamanism, miscellaneous 
customs and beliefs. 

These records form a valuable addition to ethnologi- 
cal data of a comparative nature on Southwestern 
Indian culture. 



Ethnographic Bibliography of North America. 
Yale Anthropological Studies ^ Volume L 

By George Peter Murdock. Yale University Press ^ 

New Haven; Oxford University Press, London. $2.00. 

10} X 8|; ix + 168 4* 1 folding map; 1941 (paper). 
The present bibliography dealing with aboriginal North 
America is part of a much larger bibliography that the 
author has been accumulating for many years past on 
primitive and historical cultures “with the object, 
partly of directing distributional and other studies in 
the classroom, partly of recommending library pur- 
chases, and partly of preparing for a projected study 
which later materialized as the Cross-Culture Survey at 
the Institute of Human Relations.” Murdock has 
provided teachers and students and especially field 
worirers with a source book of great usefulness. 

The plan of classification has been followed which 
modem anthropologists have found most satisfactory, 
namely by tribal groups, with an arrangement as a norm 

the nationally self-conscious tribes of regions with some 
measure of political development, e.g., those of the 
Plains. For regions with less extensive political inte- 
^tioh, groups of approximately the same degree of 
linguistic and cultural homogeneity were formed by 
arbitrarily uniting a number of tribelets or local groups, 
usually under the name of one of them. 

Fifteen geographical areas are recognized for all of 
North America as far south as Tehuantepec, with the 
tribal groups numbering 277. A carefully-prepared, 
loose folding map shows the distributional areas. 



Ikdsx. of the American Journal of Physical 
Anthropology. Volumes I-XXII; 1918-1937. Part 
Two: LUerakire. InstUuto Panamericano de Geografia e 
Historia, Publicacion Num. 45. 


Compiled by W. Montague Cobb under the direction of 

Alel Hrdlitka. Antigua Imprenta de Murguia, 

Mexico, D. F. 8} x 6}; 394; 1941 (paper). 

The rapid growth of the world’s scientific literature 
makes it steadily more difficult to know what has 
become known, to use what information is available and 
thus to benefit fully by the labors of one’s past and 
present colleagues. Our technical journals with their 
wide-ranging contents would become mere burial places 
for newly gained knowledge without an adequate index 
for finding readily everything that has been recorded 
in their pages. 

Cobb has performed a labor of love in undertaking the 
arduous task of indexing in great detail the first twenty- 
two volumes of the American Journal of Physical An- 
thropology. The previously issued part of this index 
dealt with the original contributions in the Journal. 
The present, second part is devoted to the reviews in 
the journal of original papers published elsewhere. 
These reviews, which had been selected quite at random, 
are unfortunately very far from representing the world’s 
contemporary literature on physical anthropology. 
The latter has been covered much more completely in 
several other journals, at least as far as listing titles 
and classification of contents is concerned. The useful- 
ness of this index is also impaired by the fact that quite 
evidently there has been no proofreading, since printer’s 
errors in foreign-language titles occur with intolerable 
frequency. In one instance there are nine errors in one 
title and it is difficult to discover the true meaning. 



Norwegian-American Studies and Records. Vol- 
ume XII. 

By the Norwegian-American Historical Association. 

Norwegian-American Historical Association, North- 

field, Minnesota. $2.00. 9 x 6; vii + 202; 1941. 
Nine articles by as many authors are included in this 
book dealing with various social and cultural aspects of 
Norwegian-American history. The papers which prob- 
ably will be of most interest to the sociologist or human 
biologist are the first two, in which change in surnames 
and the development of the Norwegian folk narrative 
in America, respectively, are utilized in tracing the 
migration of ideas and traditions from the Old World to 
the New. Hie other articles are more in the narrative 
or reminiscent manner. Two describe emigrant voy- 
ages in the 1840’s and 1850’s. There is one article on 
the pioneer life in Texas and two on the founding and 
development of the Norwegian-American press. An- 
other chapter, by a life-long friend of Ole Edvart R01- 
vaag, is devoted to interesting recollections of the 
background and boyhood in Norway of the author of 
“Giants in the Earth.” The last article is also bio- 
graphical. It tells the story of Ole Evinrude and the 
outboard motor. Appended is the most recent install- 
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ment of a series, compiled for the Norwegian*American 
Historical Association, of publications by, about, or of 
interest to, members of the Norwegian element in the 
Americas. 



Ozark Country. 

By OUo Emesi Rayburn. Duello Sloan and Pearce^ 

New York. $3.00. 81 x 5}; ix -f 325; 1041. 
Rayburn prefers to restrict the Ozark country to the 
highland region of the southern half of Missouri, the 
northwestern part of Arkansas and a few counties in 
eastern Oklahoma. This empire of hills and valleys 
and occasional stretches of rolling prairie occupies an 
area approximately 60,000 square miles. Of the nearly 
one million people living in this region only about one- 
fifth live in the cities and larger towns, another fifth 
in the “favored rural sections” and the remainder in 
regions where they “must struggle against adverse 
economic conditions.” This last group has, more than 
the others, lived in a world apart and has preserved the 
speech and customs of the early pioneer settlers. Here 
Rayburn finds the richest material for his book. He 
has given us a rather full and picturesque account of 
the family life and customs of these more secluded hills- 
men of the Ozarks and recorded it with sympathy and 
real understanding. He is particularly well fitted for 
the task, having spent much of his life in close associa- 
tion with these people. Ozark Country is the fourth 
of the American Folkways books edited by Erskine 
Caldwell. 



From Cretin to Genius. 

By Serge Voronojf. Alliance Book Corporation^ Neiv 

York. $2.75. 9i x 6i; 281; 1941, 

This book, designed for popular consumption, repre- 
sents an effort to delve into the nature of that rare 
phenomenon, a genius. The author is known for his 
discovery of rejuvenation through the process of graft- 
ing monkey glands in the human body. The “creative 
process” and the origin and “struggles” of genius are 
considered as manifested in certain great men through- 
out history, e.g. musicians, scientists, mathematicians, 
poets, artists, philosophers, etc. Many interesting 
anecdotes are related, each as illustrative of some par- 
ticuiar point; documentation, however, is regrettably 
lacking. Because of the author’s complete lack of 
emphasis on the r61e of the environment in developing 
the outward manifestations of inborn hereditary apti- 
tudes, the impression is gained that environment has 
little or no influence. There are, furthermore, many 
loose statements, such as the following: “Genius pos- 
\ not only wondrous aptitude, it is simultaneously 


endowed wdth knowledge which heredity, often a distant 
heredity, has bequeathed to it.” 

From Cretin to Genius makes the mistake often made 
by books dealing with the sensational. It tries to be 
sensational itself. 



Dead Men Do Tell Tales. 

By Byron de Prorok. Creative Age Press^ Inc., New 
York. $3.50. 9ix6;xiii + 328;1942. 

This is not so much the tale of dead men as it is the tale 
of live men — the primitive, savage, beastial, very-much- 
alive natives of Central Africa. Although the author 
began his trip through Eg3rpt and Ethiopia with the aim 
of studying prehistoric cultures at various excavation 
sites, he seems to have been lured on to find out more 
and more about the primitive cultures of contemporary 
Africa, and less and less about prehistory. 

The author’s eye-witness accounts of the ceremonial 
practices of many dark and secret cults in the heart of 
Africa; his hair-breadth escapes from the jaws of certain 
death; and his glowing descriptions of the fauna, flora 
and terrain of equatorial Africa contribute alike to 
the suspense of this fascinating stor>\ The modem 
version of African slave trading, and the political tur- 
moil resulting from the attempted European domination 
of Ethiopia seem to have impressed the author as much 
as his prehistoric finds. In the field of pure adventure, 
the book contributes considerably more than in the 
field of archaeology. 



Studies and Activities in Biology. 

By Chapin W. Day and Margaret Ritchie. Edited by 
John W. Ritchie. World Book Company, Yonkers- 
on-Uudson, N. I'. 80 cents. lOi x 8; vi -f 218; 
1942 (paper). 

This study and laboratory guide has been designed to 
accompany Ritchie’s Biology and Human A fairs (cf. 
Q. R. B., Vol. 17, No. 1) for high school studentSj^ 

The emphasis here is to get the biolo^ class away from 
a checking of facts to a discussion of ideas and princi- 
ples and their application in the world in which the 
student lives. A variety of experiments and activities 
are outlined, in completing w'hich students w'ill deal 
first-hand with a wide variety of living material. All 
are pointed to an understanding of biological principles. 



Bulletin der SchwteizeriscNen Gesellschaft fOr 
Anthropologie und Ethnologie 1941/42. 18. 
Jahrgang. Containing the following papers: V am Char- 
akter des h&chsten GoUes der Azteken, by Hans Dietschy; 
Die Skdettfunde von Eoiderbank im Kanton Solothum, by 
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Luda Graf; SkdtUe van Bonaduz aus dm Ansgang der 
La Tine-Zeit, by Otto Schlaginhaufen. 

EdUid by OUo Schlaginhaufen, BUchler and Com- 
pany^ Bern, 9 z 6i; 21-69 + 8 plates; 1942 (paper). 
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TttE Pigeon. 

By WendeU MUcheU Levi, With a Preface by Oscar 

Riddle. R. L, Bryan Company^ Columbia, S, C, 

$10.00. 11 X 8J; xxxii -f 512 + 2 colored plates; 

1941. 

This book is written by a lawyer who “since early boy- 
hood has raised pigeons and found in them a hobby 
which has brought relation coupled with stimulation to 
such a degree as to color and enhance every phase of my 
life.*’ This quotation sets the spirit of the book. F rom 
the first chapter on the reader is filled “with the desire 
to learn more about a bird, which unlike any other single 
living creature, has won the interest, affection and 
veneration of mankind throughout the history of civi- 
lization.” The pigeon is the emblem of peace as well 
as an effective means of liaison in war! Of all birds, 
according to a Philippine legend, only the dove under- 
stands the human tongue. 

The second chapter, the longest in the book, deals 
with the breeds and varieties of pigeons and their prob- 
able origin. To all, except the pigeon fancier, their 
great number is impressive — almost equal, it would 
seem, to the number of breeds and varieties of the 
domestic fowl. 

The chapters on anatomy and physiology are over- 
flowing with information yet contain little of the more 
strictly technical literature on these subjects. Among 
the most interesting topics considered are how pigeons 
drink, whether each pair of eggs in a clutch produces a 
cock and a hen (a popular belief for over 2000 years), 
and the function of the ductless glands, particularly the 
hypophysis. 

Chapter V first traces the origin and progress of the 
science of genetics — ^variation and inheritance. This is 
followed by an extensive list of familiar names of men 
who have made contributions, theoretical or experi- 
mental, to pigeon genetics. The more technical phases 
of the subject are dealt with quite adequately by the 
author. These include inheritance of color and mor- 
phological characters, such as “crest and hood,” silky 
feathering, scraggly, webfoot and cliunsy, and sex 
linkage. The diapter ends with a useful table of 
genetic characters. 

The problem of pigeon behavior is treated in a some- 
what {Popular manner, owing largely to the fact that 
the behavior mechanisms are not too well understood. 
Deser4>tion8 are given of the phenomena of courtship, 


mating for life of cock and hen, nest-making, sense of 
location and homing ability. 

The last six chapters deal respectively with Practical 
breeding. Diseases, Parasites and pests (their treatment 
and control). Feeds and feeding. Housing (ancient and 
modem). Commercial squab production, and The 
pigeon fancy (exhibition, racing, training, organiza- 
tions, etc.). The book ends with an extensive bibli- 
ography and a complete index. 

Considered as a whole the book is a fascinating one, 
combining both popular and technical information. It 
will appeal to the pigeon fancier and the layman, and to 
the scientist who needs to know much about pigeons 
before experimenting on them. 



Lice. British Museum {Natural History) Economic 
Series No, 2A, 

By John Smart. British Museum {Natural History), 

London. 6d. x 5}; 32; 1942. 

This pamphlet, listed in the “Economic pamphlets, 
dealing with the application of natural science to prac- 
tical affairs,” has probably been issued with the purpose 
of making available to the English people the best 
means of combating a pest which can easily be acquired 
under the crowded conditions of bomb shelters or unu- 
sual living conditions such as exist in England today. 
It is remarkable for its clear and simple style and 
interesting manner of presentation. 

The different kinds of lice are distinguished, but chief 
attention is given to the three kinds of lice infesting 
Man (head, body, and pubic). While head and body 
lice have distinguishing characteristics, the two forms 
can be interbred. When head lice are bred continu- 
ously for several generations on the body they tend 
to assume the characteristics of body lice. It would 
seem that “Head and Body Lice are but two extremes 
of one species and that examples showing intermediate 
grades may occur.” 

Clear descriptions are given of the life history of the 
three kinds of lice of which man is host, manner of 
infestation, and the effects of habits of the host. Some 
individuals who are insensitive to lice may act as car- 
riers. Three diseases are borne by the louse: (1) Ty- 
phus which is found in many parts of Europe, particu- 
larly Eastern Europe; it occurs in the United States in a 
mild form known as Brill’s Disease; (2) Trench Fever 
which appeared during the 1914-1918 war, mainly 
among soldiers, but disappeared after the war; and (3) 
Relapsing Fever which is widespread but seems to be 
absent in Western Europe and the United States. 

The last part of the pamphlet is devoted to the pre- 
vention and treatment of lousiness. With due regard 
to the desire that some readers may have to pursue this 
subject further Smart has provided a brief bibliography. 
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A Fishery Survey op Iicportant Conkeotcut 
Lakes. BidleUn No, 63, 1941, Stale of Connecticut 
Public Document No, 47. 

By the State Board of Fisheries and Game Lake and 
Pond Survey Unit. State Geological and Natural 
History Survey of Connecticut y Hartford, Free in 
Connecticut; $1.00 outside of Connecticut. 8} z 6; 
339; 1942. 

This report presents the results of a fishery investiga- 
tion of 47 Connecticut lakes and ponds, and includes 
data gathered over a period of three years (1937, 1938, 
1939). The purpose of the Connecticut lake and pond 
survey has been to gather fundamental information on 
the physical, chemical, and biological conditions in each 
body of water; to secure knowledge of the life history 
and habits of each important species of fish; the kind, 
extent, and probable effect of fish parasites; as well as 
other biological data. Numerous ways and means by 
which fishing may be improved are presented. Since 
the aim of the report is partly to g^ve informative items 
of particular interest to sportsmen, the language used 
has been kept as simple and non-technical as possible. 

The material discussed in the survey includes: man- 
agement methods as applied to pondfish restoration, the 
lake as an environment for fish, procedures in a limno- 
logical survey, the life histories of various Connecticut 
fishes, the food and the growth of fishes, parasitism and 
the fish crop, and parasites in some Connecticut fishes 
as compared with other states. The appendix contains 
helpful information on: pondfish stocking, technical and 
analytical methods, and a summary of information and 
recommendations for the improvement of fishing. Ex- 
tensive lists of the literature cited have been placed at 
convenient points in the book. The report is well illus- 
trated with numerous photographs, drawings, and 
tabular and graphical material but there is no index. 
Much of the information herein presented will be of 
practical value in any region in the United States. 



The Seasons and the Fisherman : A Book for Children. 
By F. Fraser Darlit^g. Illustrated with Drawings by 
C. F, Tunnicliffe. Cambridge: at the University Press; 
The Macmillan Company y New York. $1.75. 81 x 
61; viii + 70; 1942. 

The author of this book has a story to tell and knows 
how to tell it. Although his language is so simple that 
any child could read and understand it yet it is not in 
any sense childish language. If an adult should read 
the book to a child their enjoyment of it would be 
equally divided. 

The author has done a great deal more than merely 
follow the fishermen through the year. He explains 
why certain fish appear only in certain seasons, and this 
involves a discussion of **food chains,” and the opening 


chapter which deals with these covers the evolution of 
the sea and its plankton and is just as well written as 
the rest of the book. Also, the story of the deep sea 
fish, which the ordinary fisherman never sees, the life 
history of the eel, about which he knows nothing and 
cares less, and the ichthyologist’s method of determining 
the age of a fish by examining its otoliths add much to 
the interest of the story. 

Finally, one must add a word of appreciation of the 
preface. Some children seem to go through a period of 
development in which they seem to enjoy inflicting pain 
on animals. It is difficult to explain to such children 
why they should not indulge in cruelty when they see 
how it is involved in gathering food for mankind. But 
it is difficult to imagine any one reading this preface and 
not feeling more kindly disposed toward the animals of 
the sea. 

The typography of this work is superior to the aver- 
age and the artistic illustrations are superb. 



Beetles of the Genus Hyperaspis Inhabiting the 
United States. Smithsonian Miscellaneous CoUec- 
tionSy Volume 10 ly Number 6. (Publication 3642.) 

By Th. Dobzhansky. Smithsonian Institutiony Wash- 
ington D. C. 35 cents. 9} x 6}; 94 + 6 plates; 1941 

(paper). 

The ladybird beetles of the genus Hyperaspis are 
herein completely revised and new forms are described. 
No extensive work on this genus has been attempted 
since the publications of the late Colonel Casey who 
described well over half of the species. A large number 
of Casey’s descriptions are now relegated to synon)rmy 
but the great majority are shown to be valid. When- 
ever possible, the genitalia were examined to establish 
specific distinctions. 

The center of dispersal of this generic group was in 
Central and South America, whence it has spread to the 
South and Southwest of the United States. As a result, 
the majority of the forms are found in this area and only 
a few have reached the eastern and northern boundaries 
of the country. The writer holds that his results are 
still tentative because of the lack of specimens from 
the center of dispersal, but as far as actual specimens 
will permit him, he recognizes 72 species, of which eight 
are new; 31 subspecies, 11 of which are new; and six 
varieties, three of which are new; grouped into 14 (13 in 
the text due to a typographical error) categories of 
closely related species. 

Each form is described, genitalia included whenever 
known, and the geographic distribution carefully listed. 
There are six plates which give details of the stnicture of 
the genitalia and of the ely tral patterns. Many of the 
species are economically important as predators on 
scales and other insect pests, consequently such a thor- 
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ough revision of one of the largest and the least known 
genera in the family Coccinellidae is of considerable 
value. 



College Entomology. 

By E, O. Essig. The Macmillan Company^ New York. 

$5.00. 9i X 6; vii + 900; 1942. 

Insects play an important part in man’s economic life. 
While some are destructive and the bearers of disease, 
by far the greater number are important in many ways, 
directly and indirectly, for man’s existence, besides 
being of great biological interest. In the cross>pollina- 
tion of plants they play an important r61e, they furnish 
food for birds and fishes, and they even are destroyers of 
obnoxious members of their own group. 

To those acquainted with Essig’s History of Ento- 
mology and Insects of Western North America this volume 
requires no introduction. Although much broader in 
scope than the latter book, by no means have all the 
half million described species of insects been included. 
The selection has been made on the basis of long associa* 
tion with the human race, some peculiarity in form, 
size, color or habits, and interesting and typical exam- 
ples of family. The present volume has been written 
as a text, on traditional lines, but Essig has succeeded 
m making it extremely interesting. The volume has a 
wider usefulness, however, than in the classroom. The 
layman, with an interest in natural history, particularly 
in insect life, who lives or travels in out of the way 
places would do well to include the volume in his library, 
however limited that may be. The arrangement of the 
keys is excellent and easily mastered; the 308 figures 
are carefully chosen and well executed. Selected refer- 
ences accompany each chapter and a general bibliog- 
raphy and indexes of authors and subjects are provided. 
At the back is given a map of the zoogeographical re- 
gions of the world. 



A Monogkaphic Revision of the Mexican Water 
Beetles of the Family Elmidae. Novitates Zoo- 
logfcact Volume 42, No. 2. 

By H. E. Hinton. British Museum {Natural His- 
tory), Lon4on. 15s. Hi x 7i; 217-396; 1940. 

An unorthodox procedure in systematic entomology is 
used to define and distinguish the genera of beetles 
studied in this volume. Use is made of the internal 
anatomy of the alimentary canal, male and female re- 
productive organs, and the central nervous system. In 
most cases the anatomical studies show good correlation 
with external morphological criteria and in some where 
the latter fall down they reveal relationships not other- 
wise' clearly understood. For instance, the genus 
C^oepus, which seemed to consist of a homogeneous 


assembly of species, is shown on the basis of the internal 
anatomy to consist of two very distinct groups. The 
external genitalia are also used to compare species. As 
a result of all this careful work most of the species are 
well allocated to their systematic positions. 

Keys and complete descriptions make this monograph 
an exceedingly good one. The writer eschews compara- 
tive terms as “broader than long,” “coarse,” “fine,” etc. 
Instead he uses actual measurements, even of the sur- 
face puncturbs; this procedure is to be highly recom- 
mended. Sexual differences are also described — a 
feature that is so often overlooked — and whenever 
known, the larval and pupal stages. 

Statistical analyses of the measurements of the spe- 
cies were found to have limited application. Differ- 
ences between two species were often less than those 
found in a single species at different^ altitudes. 



The Plant Bugs, or Miridae, of Illinois. Bulletin 
of the Illinois Natural HisUnry Survey, Volume XXII, 
Article 1. 

By Harry H. Knight. State of Illinois, Urbana. 

$1.25. 9i X 6}; 234; 1941 (paper). 

The Miridae, or plant bugs, rank as one of the most 
important groups of insects destructive to plant life 
in Illinois. Except for a few predacious species they 
suck the juices from plant leaves. Knight was put in 
charge of the survey which commenced in 1930 and 
continued through 1937. He identified the species and 
wrote the present report, but many others took part in 
the project. 

The collection of Miridae numbered over 20,000 
specimens and came from every part of the state. Col- 
lections were made at different seasons of the year over 
the same territory in order to get certain species which 
might be restricted to certain periods. The list of 
known Miridae of Illinois now includes 330 species, but 
since other species and varieties occur in the entire 
general region in which Illinois is situated and will prob- 
ably find their way into the state, over 100 other species 
have been added to the list. In North America, north 
of Mexico, about 1500 species of Miridae are known. 

Preceding the descriptive part, Knight devotes a 
section to the biology, distribution and habitat, prefer- 
ence, economic status and control, and taxonomy of the 
Miridae. The volume includes many excellent figures, a 
group of illustrations' showing habitat, a list of host 
plants, a bibliography of 146 titles, and an index. 



Cats and All about Them. 

By L. H. Fairchild and Helen C. Fairchild. Introduc- 
tion by Bdle J. Benchley. Orange Judd Publishing 
Company, New York. %2.00. 7} x 5}; 231; 1942. 
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The authors of this book are a unique combination of 
cat lover and breeder and practicing physician and 
surgeon. They have recorded the results of their wide 
experience, with practically every breed of cat, with 
expertness and real understanding. The book is based 
to a certain extent upon the inquiries of hundreds of 
visitors to their cattery and as a result contains, along 
with the more intricate phases of care and management, 
those every day things about cats and kittens which 
writers so frequently take for granted and neglect to set 
down. 

Topics such as successful methods of selection, breed- 
ing, management, housing, training and habits of cats 
are taken up in some detail. Descriptions of common 
ailments, their recognition and medication, together 
with the treatment for disease and parasites are also 
fully treated. Numerous photographic illustrations of 
various breeds of cats accompany the text. 



Revision of the North American Moths of the 
Family Oecophoridae with Descriptions of New Genera 
and Species. Proceedings of the United Stales National 
Museum f Volume 90 ^ No. 3107. 

By J. F. Gates Clarke. Government Printing Office^ 
Waskingtonj D. C. Free. 9J x 6; 33 — 286 + 48 
plates; 1941 (paper). 

To the Oecophoridae belong several species that are of 
economic importance, some forms that feed on stored 
products, such as dried foods, bulbs and tubers, scav- 
engers that feed on the refuse occurring in the nests of 
mice and birds, and forest forms that attack the beech, 
oak, pecan and hickory. The majority of the Oeco- 
phoridae are leaf and flower feeders in the larval stage. 

In this revision are listed 22 genera and 117 species 
of which 6 genera, 19 species, and 1 race are new. De- 
tailed descriptions are given for each form, place of 
type, type locality, food plants and distribution. A 
series of fine drawings (48 plates with 288 figures) illus- 
trate distinctive features. An index to the genera, 
species, and localities is provided, also an index to food 
plants. 



Our American Game Birds. 

By Van Campen Heilner. Foreword by Colonel Theo- 
dore Roosevelt. Paintings and Drawings by Lynn 
Bogue Hunt. Doubleday, Doran and Company^ New 
York. $5.00. 13 X 9i; xi -f 178 4- 19 plates; 1941. 
As an account of the habits, migration routes, breeding 
and wintering grounds of the game birds of the Western 
Hemisphere this book serves its purpose as a reference 
work for the sportsman. Unfortunately its large size 
precludes its use as a field manual. There is some very 


sound advice to the hunter concerning the haunts and 
habits of many of the birds listed which should aid him 
in obtaining his bag limit. There are nineteen color 
plates by Lynn Bogue Hunt. The extremely gaudy 
colors in the background of these paintings detract a 
great deal from the coloration of the birds themselves. 

The appendix contains much valuable information 
about hunting dogs, bird flight and waterfowl regula- 
tions. There is also a useful field guide, and several 
maps showing the ranges and migration routes of many 
of the birds described. 



World of Birds. 

By Eric Parker. Longmans Green and Co., London 

and New York. $3.00. 7i x 4i; vii -h 295; 1941. 
To the very large number of popular books written 
about wild birds both in this country and England we 
have another to add. Since the subject matter of such 
books is very much the same (usually being a descrip- 
tion of the appearances and habits of birds with which 
the author is somewhat familiar) originalit}^ of treat- 
ment is rare. Not so, however, with Parker’s book. 
We have here a most refreshingly original treatment of 
English bird life written in a very personal style. Al- 
though the author is somewhat amusingly poetic in 
some of his descriptions, this in no way detracts from 
the general interest which the book will have for many 
readers. The accuracy with which the subject matter 
is treated and the critical attitude the author takes in 
his discussions of the habits of birds, about which differ- 
ent beliefs exist, are particularly comnfendable. 



American Water Birds: Also Hawks ^ Owls and Game 
Birds. 

By Maitland A. Edey. With Colored Plates by Louis 

Agassiz Fuertes. Random House, New York. $1.00. 

11 X 8f; 72 -h 29 plates; 1941. 

This little book has been written as a companion volume 
to American Songbirds by the same author. Like the 
latter it has been prepared as an aid to those just start- 
ing on their study of bird life. The most valuable 
feature of the book is its twenty-seven colored plates of 
birds by the dean of all bird artists, Louis Agasriz 
Fuertes. Considering the low price of the book, these 
illustrations are rather accurate reproductions of the 
original paintings of Fuertes. Included with the plates 
are simple, accurate, though very brief descriptions of 
the birds and their habits. All of the famiW water 
birds of the Eastern and Central United States and 
Canada, as well as representative hawks, owls, and some 
upland game birds constitute the subject matter of 
the book. 
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The Fosaionitera oe the Tsohcal Pacotc Col- 
LBcnoHS OE THE ^^Albatross,” 189^1900. Pari 3^ 
HeierohAiddae and Bidiminidae, United States Na- 
tional Museum BtdleUn 16L 
By Joseph Augustine Cushman, Smithsonian Insti- 
iution, Washington, D, C. 20 cents. 9 z Sf; v + 67 
+ 15 plates; 1942 (paper). 

A third part of a work describing and illustrating the 
Foranunifera of the tropical Pacific collected on the 
Albatross survey. Part 4 will complete the work and 
will take up in systematic order the families beginning 
with the Rotaliidae. 

Cushman finds that the number of distinctive species 
in this area is large. **Some interesting relationships 
have been noted in these faunas in which are living 
representatives of species known hitherto only from the 
late Tertiary of other regions.” 

Twenty-nine tables give the locality, depth, bottom 
temperature, character of bottom, and occurrence. The 
15 plates show many views of the forms described. 



Oysters Have Eyes: or the Travels of a Pacific Oyster. 
By Eldon Griffin. WilberliUa Publishers, Seattle. 
$1 .00. Discount of 25 per cent in quantities of 25 or 
more. 9\ x 7|; S3; 1941 (paper). 

Sifting through the verbiage of this popularized account 
of the Pacific 03 rstcr — the oyster is called Oliver — ^we 
find some interesting general information concerning 
03 rster 8 and the oyster business in the State of Washing- 
ton. Apparently the oyster beds will suffer from the 
Pacific war since ”the high-grade seed, or spat, on which 
the Pacific-Oyster industry depends for its life has come 
from Japan. Scores of Americans, particularly in the 
State of Washington, have invested hundreds of thou- 
sands of dollars in land and equipment for the use of 
which the supply of imported seed has been essential.” 



A Laboratory Manual for Elementary Zoology. 

By W. Byers Unger and C. E. Mority. Ginn and 

Company, Boston. $1.25. lOJ x 7}; iv + 106; 1042. 
This manual has developed out of a series of laboratory 
directions used in a one-semester, elementary course in 
zoology at Dartmouth College. Certain vertebrate 
systems — digestive, respiratory, and reproductive — are 
presented as demonstrations so that detailed laboratory 
instructions are unnecessary. A very good introduc- 
tion to the use of the microscope is given and a glossary 
of terms frequently employed. Blank right-hand pages 
are provided for student drawings. 



Labc^tory Directions in Principles oe Animal 
Biology. Fifth Edition. 


By A. Franklin Shull with the Collaboration ef George 
R. Larue and Alexander Rutkven. McGrauhHill Booh 
Company, New York $1.00. 9 z 6; ix + 102; 1942. 
No fundamental change has been made in the present 
edition of this laboratory guide. In the main, the revi- 
sions have been made to conform to the changes in the 
recent fifth edition of Principles of Animal Budogy (cf. 
Q. R. B., Vol. 16, p. 492) which the laboratory guide was 
designed to accompany. 



Occasional Papers oe the Museum oe Zqoiooy, 
University of Michigan. Nos. 449-456. A Race of 
the Blue-hooded Euphonia from Sonora, by A. J. van 
Rossem; The Pygmy Owl of the District of Soconusco, 
Chiapas, by Pierce Brodkorb; Note^ on Salamanders 
with Descriptions of Several New Forms, by Sherman C. 
Bishop; Some New Snakes from Guatemala, by L. C. 
Stuart; A Race of Woodhewer from the Alto Parana, by 
Pierce Brodkorb; Geographic Variation in Mesogonistius 
Chaetodon {Baird), with Description of a New Subspecies 
from Georgia and Florida, by Reeve M. Bailey; Descrip- 
tions of Two New Species of Plectrohyla Brocchi with 
Comments on Several Forms of Tadpoles, by L. C. Stuart; 
The Pleuroceridae of the A tlantic Coastal Plain, by CalVin 
Goodrich. 

U niversity of Michigan Press. Ann A rbor, Michigan. 
9x6; No. 449, 2; No. 450, 3; No. 451, 21 + 2 plates; 
No. 452, 6; No. 453, 2; No. 454, 5; 1941 : No. 455, 14; 
No. 456, 6; 1942. (Paper.) 

Devescovinid Flagellates oe Termites. II. The 
Genera Caduceia and Macrotrichomonas. University of 
California Publications in Zoology, Volume 45, No. 2. 
By Harold Kirby. University of California Press, 
Berkeley. $1.00. 10} x 6}; 93 - 166 + 12 plates; 
1942. 



BOTANY 


A Short History of the Plant Sciences. 

By Howard S. Reed. Chronica Botanica Company, 
Waltham, Massachusetts; G. E. Stechert and Company, 
New York $5.00. 10} x 61; 320; 1942. 

Volume VII of “A New Series of Plant Science Books,” 
edited by Franz Verdoom, is an account by Reed of the 
development of plant sciences from earliest records to 
the present time. The condensation of this enormous 
subject matter into a little over 300 pages is in itself an 
achievement. Reed, however, has succeeded far be- 
yond this goal. He has presented in brief form not only 
historical accounts of the contributions of practically all 
principal botanists of the past but has included side- 
lights on their personalities and the general atmo^here 
of the times in which they worked. 

The first chapter gives an outline of four stages in the 
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development of plant sciences from the period of **Accu- 
mulation” of information through ^^Verification” and 
''Classification^’ to the last period of attempted "Inter- 
pretation”. Thus he traces the growth of botany from 
the times of isolated observations to the present trend of 
organization of plant sciences on an international scale. 

The next seven chapters deal with epochs of progress 
and partial retrogression from civilizations of antiquity 
up through the Renaissance period with the rise of ex- 
perimental, natural science in western Europe and its 
progress to the end of the 18th century. The attention 
to contemporaneous and earlier Asiatic, particularly 
Chinese, agricultural achievement and to the develop- 
ment of crop plants and gardening on the American con- 
tinents is of special interest. 

In his account of the tremendous advances since the 
beginning of the 19th century the author has fortunately 
chosen to present the subject matter in topic form. 
Chapters 9 to 19, inclusive, trace the developments lead- 
ing up to and constituting the separate fields entitled: 
plant-geography, -morphology, -cytology, water econ- 
omy of plants, the fixation of carbon, the assimilation 
and fixation of nitrogen, plant nutrition, mineral constit- 
uents in metabolism, mycology and plant pathology. 
These chapters are more than historical accounts of 
pioneering investigators and their findings. They form 
an integrated picture of what the main problems were, 
what has been accomplished and thus point the direc- 
tions in which present work leads. They are written 
with a mature judgment of the subject as a whole and 
with an insight into functional relationships in plants 
rarely found associated with historical treatments. 
These chapters, therefore, contain descriptive material 
freshened with the experimental viewpoint and reflect- 
ing the vital qualities in botany to an extent which will 
stimulate interest and admiration on the part of unini- 
tiated and advanced students alike. The text might 
have been further enlivened by a few representative 
experimental results shown in tabular or graphic form. 
The book does contain, however, 37 illustrations vary- 
ing in kind from reproductions of early manuscripts, 
texts and drawings of plants and tissues, to etchings of 
some famous botanical institutions and gardens. 

Naturally, as the author points out, it is not p)ossible 
to cover all that has been accomplished in botany in a 
book of this size. The choice of material and topics has 
been guided by the author’s own interests as well as by 
considerations of treatments already available on cer- 
tain topics which have undergone recent and exception- 
ally rapid development. This has imposed certain 
limitations from the historian’s point of view but has 
added unity and direction to the book, which to most 
readers will be far more significant and desirable. A 
list of references to original papers and to more complete 
treatises on specific subjects is appended to each 
chapter. 

A distinctive quality of the book is its placing of em- 


phasis. Scientific historical accounts are often of two 
extreme types. One is so noncommittal and unorgan- 
ized that the average reader gets lost in technicalities. 
The other, popular, t 3 rpe exaggerates the importance of 
a few individuals upon whose shoulders is placed entire 
responsibility not only for ideas and generalizations but 
also for detailed elaboration of all accomplishments 
connected with their times. This procedure fails both 
on points of accuracy and continuity of progress. The 
present book strikes a happy balance between the two 
types. It conveys admiration and due credit to out- 
standing men but includes kindly rebuke for their 
shortcomings properly flavored by the author’s own 
evaluation of specific contributions and contributors. 
The last chapter gives his list of 50 significant names in 
the history of botany judged on status as discoverers, 
classifiers, specialists and exponents of botanical knowl- 
edge. Most important in this connection is the fact 
that though the book deals mainly with individual con- 
tributors, the subject matter rather than personalities 
is the central theme throughout. 

The book is intended primarily for the orientation of 
graduate students in botany. For this purpose it 
should serve admirably and will fill a great need. The 
simple style and treatment of a vast fund of information 
will recommend this book to a much wider audience as 
well. 



A Symposium of the Structure of Protoplasm. A 
Monograph of the American Society of Plant Physiology, 

Edited by William Seifriz. Iowa StateCoUege Press^ 

AmeSf Iowa, $3.00. 8i x 5Jj vi -|- 283; 1942. 

This volume represents the first of a series of mono- 
graphs to be published under the au^ices of the Ameri- 
can Society of Plant Physiologists. As originally 
planned, the symposiiun, of which the present volume 
is a record, was intended to bring together biologists, 
physicists, and chemists in the discussion of protoplas- 
mic structure. Although an unfinished paper by 
Freimdlich and short communications by Astbury and 
Meyer are the only direct contributions by physicists 
and chemists in the strict sense, the influence of these 
fields is very evident in most of the papers of the S 3 m[i- 
posium. 

On a molecular level, papers by Moyer and Sponsler 
and Bath deal with the configurations found in proto- 
plasm, and the forces that may be involved in the vari- 
ous types of aggregation observed. Actual experimen- 
tal evidence in this field is not abundant, but some very 
promising studies have been made, particularly X-ray 
studies of the configuration of protein rhAina and the 
distances involved in various molecular arrangements. 
• A large part of the monograph is devoted to various 
aspects of the sol gel transformations so important 
in protoplasmic activity. In Freundlich’s paper this 
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subject is taken up from the standpoint of the behavior 
of well-defined colloidal systems in vitro. This ap- 
proach does much to clarify interpretations of observed 
protoplasmic behavior. 

Kamiya) in an interesting paper, presents a method 
by which he has been able to measure the magnitude of 
the motive force producing protoplasmic streaming, a 
measurement which had not previously been made. He 
finds that this force fluctuates rhythmically, and by 
means of Fourier analysis he has been able to resolve the 
curves obtained into several harmonic components of 
suitable amplitudes and frequencies. Only a small 
amount of work has been done with this method, but 
the findings must be considered in any interpretation of 
the forces involved in protoplasmic motion. 

This monograph is probably the most complete dis- 
cussion of protoplasmic structure now available, and 
each paper is accompanied by a bibliography of perc- 
ent literature, which adds to its value. In a few cases 
the picture may have been somewhat obscured by exces- 
sive reference to outmoded cytological data, but the 
general emphasis is on advanced physical-chemical 
methods which are the basis for so many recent ad- 
vances in this field. As in any treatise which deals with 
the border line between established fact and theory, 
many hypotheses are advanced with little exact experi- 
mental backing. However, these represent the ideas of 
many of the foremost workers in the field, and should 
prove helpful in guiding further thought and experimen- 
tation on these problems. The book should be of 
interest and value to everyone interested in fundamental 
biological problems. 



An Herbal [1525]. 

Edited and Transcribed into Modern English with an 

Introduction by Sanford V. Larkey^ and Thomas Pyles. 

Scholars' Facsimiles and Reprints, New York. $3.50. 

9 X 5i; xxiv + 86; 1941. 

Agnes Arber, in her interesting book, Herbals: Their 
Origin and Evolution, reviews the evolutionary period 
of the herbal, covering about 200 years (1470-1670) 
after the discovery of printing when there was much 
activity in the production of such works, many of them 
based on much earlier manuscripts. The present 
Herbal falls within this period. Arl^r considers it 

*^possible that this book may have some claim to 
originality but it is more probable that it is derived 
from an unknown mediaeval manuscript dealing with 
herbs.” Larkey and Pyles believe that ‘‘[Eleanor 
Sinclair] Rohde probably comes nearer the truth when 
she writes, ‘it gives the impression of being a compila- 
tion from various sources, the author having made his 
own selections from what pleased him most in the older 
Englimh manuscript herbals.’ ... If the work has any 
sii^ source, that source was itself ultimately a com- 
pilation, we mav be sure, the compiler having taken 
what seemed to him good and useful wherever he found 


it. There is, as a matter of fact, internal evidence of 
two different ultimate or immediate sources. . . 

The Herbal, in quarto volume, in black letters, came 
from the press of one Richard Bankes — “Imprinted by 
me Richard Bankes, dwelling in London, a little from 
the Stocks in the Poultry, the twenty-fifth day of 
March. The year of Our Lord 1525.” The first book 
appearing in England devoted exclusively to herbs, it 
bears on the title page “Here begynnyth a newe mater, 
the whiche sheweth and treateth of ye vertues &: 
proprytes of herbes the whiche is called an Herball.” 
Only two known copies now exist; one in the British 
Museum, from which the Larkey-Pyles facsimile has 
come, and one in the Huntington Library, San Marino, 
California. Other editions followed the first issue and 
the volume was probably widely read and the country- 
side diligently searched for many plants that were not 
regularly cultivated. 

The herbs are listed alphabetically in 207 chapters, 
each dealing with a particular herb. Some chapters are 
only one line in length, others run to two or more pages. 
The terras that seem to occur most frequently are “this 
herb is hot and dry”, or “cold and dry”, or “hot and 
moist,” or “cold and moist.” Mostly the virtues of the 
herbs are in their effect on the digestive tract and the 
internal organs, but the same herbs when applied exter- 
nally, either alone or in mixtures, have the power to cure 
many ailments. 

We quote briefly some of the methods of treatment 
which are given: 

‘Also, if this herb [wormwood] be pounded with the 
gall of a bull, and afterward put into a man’s eyes, it 
putteth away all manner impediments of the sight.” 
“. . . take the flowers of rosemary and make a powder 
thereof and bind it to the right arm in a linen cloth, 
and it shall make thee light and merry. . . . Also, take 
the leaves and put them into a vessel of wine, and it 
shall preserve the wine from tartness and evil savor, 
and if thou sell that wine thou shall have good luck 
and speed [success] in the sale.” “Also, the juice of 
onion tempered with any liquor is good to drink for any 
man that hath lost his speech.” Mustard “comforteth 
the stomach” as it sometimes has in modern times. 

The authors have produced a scholarly volume, thor- 
oughly documented. It will interest botanists, herb 
growers, physicians, and the book collector. 



Cluiate and Man. Yearbook of Agriculture, 1941. 
United States Department cf A griculture. Government 
Printing Office, Washington, D. C. $1.75. 9 z SJ; 
XU + 1248; 1941. 

Among the environmental factors influencing man’s 
well-being, climate undoubtedly ranks first in that it 
determines his distributbn and controls his movements 
over the earth’s surface, it regulates to a great extent 
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his agricultural and industrial economy, and it confronts 
him with some of the greatest problems with which his 
ingenuity has to cope. Although man still abides by 
the profound observation of Mark Twain in that every- 
body talks a lot about the weather but nobody does 
much about it, the fact remains that he is now able, in 
some measure at least, to meet the hazards of flood, 
drought, dust storm, and other climatic aberrations as 
never before in the history of his race. 

In this 125(V-page treatise, the Department of Agri- 
culture has brought together all the pertinent data con- 
cerning climate as related to agriculture in the United 
States. In the early sections of the book are found 
detailed accounts of climate and weather as they affect 
(1) our important fruit, forest, grain, truck, and live- 
stock production; (2) the common diseases of domestic 
plants and animals; (3) soil and water conservation; and 
(4) flood control and irrigation farming. A short mid- 
dle section of the volume is devoted to a discussion of 
the scientific basis of modern meteorology and weather 
prediction under such headings as wind directions, ocean 
currents, atmospheric pressures, cloud formations, and 
daily as well as long-range forecasting. The latter por- 
tion of the 3 'earbook is concerned with (1) the climates 
of the world, and (2) the climates of the different states 
of the U. S. A. The discussions of the climates for each 
of the states include many maps and tables showing the 
mean monthly, the mean annual, and the average sea- 
sonal precipitation, the earliest and latest frost dates, 
and the average January and July temperatures for the 
various counties during the period in which weather 
records are available. Supplementary climatic notes 
for Alaska, the Hawaiian Islands, and the West Indies 
including Puerto Rico are listed. 

Each topic of discussion throughout the book is well 
documented with references from the scientific litera- 
ture, and is illustrated with a variety of well-chosen 
photographs, maps and line drawings. A complete 
index is appended. 



The Book of Trees. Second Edition^ Revised. 

By Alfred Carl Holies. A. T. De La Mare Company^ 

NwYork. $3.50. 7i x 4i; viii + 440; 1942. 

The Book of Trees is a new addition in the series of some 
45 De La Mare Garden Books. As stated in the preface 
it “is intended for the amateur, the gardener and the 
nurseryman, but it makes no pretense of appealing to 
the foresters. The trees are discussed from the view- 
point of a horticulturist, not a botanist.’* Some 12 or 
more poems inserted in the text warrant the addition of 
the nursery-maid to the list of potential users. From a 
strictly scientific point of view the book offers little of 
value. The first 48 pages include brief discourses on 
such topics as “why plant trees?” and “the mystery of 
the autumn leaf.” From the practical standpoint the 
book has much to recommend it. It contains helpful 


directions for selecting, planting, pruning, grafting, 
transplanting, propagation of, and generally caring for, 
trees. Several lists indicating rapidity of growth and 
suitability of trees for different purposes and localities 
are supplied. The main part, some 250 pages, consists 
of detailed descriptions of important deciduous and 
coniferous trees. Descriptions of characteristics, habi- 
tat, utilization, etc., are provided together with key for 
identification. There are numerous photographic re- 
productions of both the trees and their flowers. Many 
of these are excellent. Also included in the 200 or more 
illustrations are some pen drawings of plant parts and 
many sketches of characteristic features — ^fruits, twigs, 
buds, leaf sears, etc. 

The final chapter is a table of some 270 deciduous and 
85 coniferous trees, listing scientific and common names 
and characteristics as to height, shape, color of flowers, 
fruit and special remarks. 

The book may be recommended to anyone who has 
an active interest in home gardens or city beautification 
— ^in fact, to anyone who “takes joy in supplying a fit 
environment for a growth that approaches perfection.” 



A Book of Roses. 

By J. Ramsbottom. With Plates after the Originals in 

RedoutPs ^*Roses^\ Penguin Books Ltd. Harmonds- 

worthy Middlesex, England; New York. 60 cents. 

7i X 4j; 30 -|- 16 colored plates. 1941. 

One of the most famous of the scientific treatises devoted 
to the description of species and varieties of the rose is 
Les Roses by Pierre- Joseph Redouts (1759-1849) who 
has been called “le Raphael des fleurs.” " Successively 
engaged in the decorating of churches and castles, in 
painting the portraits of the most prominent persons in 
Luxembourg, and in floral decorative painting, Redout6 
was appointed, in 1822, “maitre de dessin pour les 
plantes” at the Jardin das Plantes in Paris. There 
he continued to add to the collection of paintings of 
plants begun by Gaston d’Orleans in the seventeenth 
century, and introduced the method of employing 
water-color on vellum instead of the gouache customary 
at that time. It is estimated that, in addition to his 
other paintings, he painted over a thousand roses. 
Many of these were included in the three editions of Les 
Roses that appeared during his lifetime. Sixteen of 
Ihe water-colors there published are beautifully repro- 
duced in this book. The plates are preceded by brief 
descriptions and data on the origin of the varieties 
depicted. An historical introduction contains, in ad- 
dition to a brief biography of Redout6, interesting com- 
ments on the rose in literature, its use in religious 
ceremonies of different peoples and in heraldry, and 
notes on the distribution and origin of some of the most 
popular varieties. The format is attractive and the 
book makes a nice appearance on the drawing-room 
table. 
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Sesdino AMD Planuno in the Practice of Forestry. 
A Manual for the Guidance of Forestry Students, Forest- 
erSf Nurserymen^ Forest Owners^ and Farmers. Third 
Edition, 

By the Late James W. Tourney and Clarence F. Kor- 

stian, John Wiley and Sons^ New York; Chapman 

and HaU, London. $5.00. 9 x 5{; xxii + 520; 1942. 
Among the more significant advances that have been 
made in silviculture during the decade that has elapsed 
since the appearance of the second edition of this book 
(cf. Q. R. B.f Vol. 13, page 238 for mention of the second 
edition) are the construction of well-equipped extrac- 
tories and seed-storage plants, the mechanization of 
most of the major operations in seed extraction, and the 
establishment of huge nurseries, some of which have a 
capacity of several million trees. The material on 
these has been revised and expanded to include the most 
up-to-date methods. The chapter on ^Tlanting sur- 
Ytys and plans’* has been enlarged in view of the re- 
cently increased emphasis in the programs of federal, 
state and private agencies on the production of nursery 
stock for planting on particular sites. Throughout the 
book a number of small-scale and generally outmoded 
methods and practices which have rather limited appli- 
cation in the United States have been included for the 
sake of completeness. As in the second edition, time 
scales, rather than cost figures, for the various opera- 
tions are given, as the cost is dependent somewhat on 
wage scales which vary from time to time and according 
to locality. 

Common and technical names of trees mentioned in 
the text are listed in an appendix, and author and sub- 
ject indices have been provided. 



Weeds. 

By Walter Conrad Muenscher, The Macmillan Com- 

panyt New York, $4.50. 8J x 5J; xxii + 579; 1942. 
As in the three previous editions, the weeds (approxi- 
mately 500 in niunber) described are indigenous to the 
northern United States and to Canada. The major 
portion of the book is a catalogue of the weeds, arranged 
in alphabetical order under their scientific names, by 
families. Each species or variety is described fully for 
purposes of ready identification. In addition informa- 
tion is included on its source and dissemination, type, 
geographic range, location and soil preferred, propaga- 
tion, whether the weed is poisonous or harmful to stock, 
and specific directions for its eradication or control. 
The 123 illustrations show the whole plant and detail of 
root, seed, branch, flower and fruit of 320 varieties. 
There axe four introductoiy chapters entitled, respec- 
tively, ^ **The dissemination and importance of wee^,” 
"Weeds of special habitats,” "The control of weeds,” 
and "Chemical weed control.” These are followed by 
a key to the species, based primarily on flowers and 


fruits which the authors consider "more constant than 
the vegetative organs and habits of weeds.” The fact 
that three editions of this book have appeared since it 
was first published six yeaxs ago is evidence of its popu- 
larity and usefulness. The revisions made for the 
present edition are not extensive. 



Standardized Plant Naices. Second Edition, A Re- 
vised and Enlarged Listing of Approved Scientific and 
Common Names of Plants and Plant Products in Ameri- 
can Commerce or Use, 

Edited by Harlan P, Kelsey and WilUam A, Dayton, 

J, Horace McFarland Company^ Harrisburg^ Penna, 

$10.50. 9 X 7f ; XV + 675; 1942. 

The first edition of this book, published in 1923, at- 
tempted to cover only the field of horticulture. The 
present edition has been prepared with other related 
interests in view, such as agronomy, farming, forestry, 
fruit-growing, gums and latex, pharmacy, spices and 
condiments, range and wildlife management and soil 
conservation. Approximately 90,000 separate entries 
of plant and plant product names appear — more than 
twice as many as in the first edition. Other innovations 
over the 1923 edition include: indications of pronuncia- 
tion, the use of symbols to indicate cions, hybrids, 
polybrids, and plants useful to wildlife, and a glossary. 
The arrangement is alphabetical, in general by species, 
but includes also special plant lists such as drug plants, 
plants of significant economic use, poisonous plants, 
range plants, and state flowers and trees. The publica- 
tion of this book will undoubtedly be most heartily 
welcomed by botanists, gardeners, nurserymen, phar- 
macists, librarians and editors. 



Flora Artica: Bryophyta of Canadian Arctic. 
Collection of Father Artheme Dutilly, 

Identified and Annoted by William Campbell Steere, 
The Catholic University of America^ Washington^ D. C, 
50 cents. 9fx6};1941. 

This list of bryophytes forms a substantial contribution 
to our knowledge of Canadian flora. It represents 
painstaking and careful collecting and recording in 
many widely scattered regions in the Arctic. Father 
Dutilly, naturalist of the Arctic Oblate Missions, made 
the first collections in the summer of 1934 in the vicinity 
of Coppermine, Coronation Gulf and at Letty Harbour, 
Amundsen Gulf. Other summers he collected in the 
region west and north of Hudson Bay. The specimens 
were sent to various places for identification but by far 
the larger part have been identified by Steere and his 
co-wolkers. For each of the 163 forms there b a record 
not only of the collection number, date of coUection, and 
local distribution but also of the dbtribution in larger, 
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natural geographical units, as follows: Labrador, North- 
ernmost Quebec, West Side of Hudson Bay, Shore of 
Arctic Ocean, Melville Peninsula, Southampton Island, 
Bafi^ Island, North Devon Island, and Ellesmere 
Island. 



Trees or the Eastern United States and Canada: 
Their Woodcraft and Wildlife Uses, 

By William M, Harlow. WkUUesey House, McGraw- 
HiU Book Company, New York and London. $2.75. 
7z4i;xiii + 288; Vm. 

This pocket-sized book is designed for the hiker, camper, 
or anyone who is interested in knowing j^r eastern 
trees. Following the introduction whiqir^contains a 
non-technical discussion of the terminology and a gen- 
eral key, each important tree is described under the 
headings: Appearance, Leaves, Flowers, Fruit, Twigs, 
Bark, Habitat, Distribution, and Remarks. Other 
trees belonging to the same genus are briefly and clearly 
described so as to be easily distinguishable. The book 
is thoroughly illustrated with clear photographs of 
leaves, twigs, flowers, fruits, bark, etc., so that identifi- 
cation is made as simple and painless as possible. 

This field book should be welcomed by those who 
would know the trees yet possess neither the technical 
knowledge nor the urge to ferret out the meaning of the 
terms used by the botanical fraternity. 



Desert Wild Flowers. Revised Edition. 

By Edmund C. Jaeger. Stanford University Press ^ 

Stanford; Oxford University Press, London. $3.50. 

8ix51;ro-h 322; 1041. 

A key, prepared by Ruth Cooper, for the quick identifi- 
cation of desert plant specimens and a glossary are 
included in this e<Ution (cf. Q. R. B., Vol. 15, p. 489 for 
notice of the first edition). With these exceptions and 
a few corrections in the text there are no differences 
between the two editions of this beautiful and fascinat- 
ing laboratory manual. In all, 754 plants of the Cali- 
fornia deserts and related portions of Nevada are de- 
scribed and illustrated by excellent line drawings (exe- 
cuted by the author) or photographs. The paper 
selected for this book is suitable for filling in the coloring 
on the line drawings with indelible colored pencils — 
from living specimens it is hoped. 



MORPHOLOGY 

Introduction to Vertebrate Embryology. Fourth 
Edition. 

By Waldo Shumway. John Wiley and Sons, New 


York. Chapman and Hall, London. $4.00. 9 x 

5i; xi + 372; 1942. 

Several sections of this edition have been altered or 
rewritten since the previous issue (noticed in Q. R. B., 
Vol. 11, p. 108) appeared. As before, the treatment is 
essentially comparative, with amphiozus, frog, chicks 
and man considered at comparable stages of early de- 
velopment. Organogeny is taken up by systems, with 
frog, chck, and human material treated separately. 
All sections are well illustrated, particular use being 
made of diagrammatic representations. With a view to 
making it more valuable to premedical students, the 
space devoted to human embryology has been consider- 
ably increased over previous editions. This addition 
has not lengthened the book as the sections dealing with 
laboratory material have been shortened. The chap- 
ters on the anatomy of vertebrate embryos in the third 
edition have been reduced to an atlas of illustrations of 
typical specimens and sections from the frog, chick, and 
10 mm. pig, and the section on technique has been 
reduced to a single chapter. 

The book contains one chapter which deals somewhat 
superficially with the problems of experimental embry- 
ology, but there appears to ‘have been little effort to 
correlate this with the descriptive material presented. 

Some sections of the book give rather thorough and 
up-to-date accounts of specific phases of development 
However, one gets the impression, particularly in some 
sections on organogeny, that an effort has been made to 
present too many different things in too little space. 
This has frequently made it necessary merely to state 
that a structure appears at a certain time, rather than 
to give details of its formation. Specific references to 
similarities and differences which might be expected in 
a comparative work are limited for the same reason. 

The book contains a glossary, index, and a limited 
bibliography (mostly of books) classified under several 
headings. 



Embryology of the Rhesus Monkey (Macaca 
Mulatta). Collected papers from the Contributions to 
Embryology, published by the Carnegie Institution of 
Washington. Publication 538. 

Carnegie Institution of Washington, D. C. $1.00. 

llj X 9; 66 + 48 plates; 1941 (paper). 

In the present volume the following five important 
papers on the placentation and early development of 
the Rhesus monkey are conveniently brought together 
and reissued for the use of investigators in the field of 
primate embryology: (1) First maturation division of 
the Macaque ovum, by Carl G; Hartman and George 
W. Comer; (2) Tubal ova of the Rhesus mcmkey, by 
Warren H. Lewis and Carl G. Hartman; (3) Devidop- 
ment of the Macaque embryo, by Chester H. Heua^ 
and George L. Streeter; (4) Fetal growth and develop- 
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xnent of the Khesus monkey, by Adolph H. Schultz; 
and (5) Placentation of the Macaque, by George B. 
Wislocki and George L. Streeter. 

The first three are recent publications (see Q. R. B., 
Vol. 17, p. 181 for a review of these articles). The last 
two were published in 1937 and 1938 respectively (see 
Q. R. B., Vol. 14, p. 254 for a review of the Wislocki- 
Streeter paper). A full reference to each of the original 
articles is given in the table of contents. 

During the years in which the attention of the Car- 
negie Embryological Laboratory has been devoted 
primarily to the development of the Rhesus monkey, 
tremendous progress has been made in the advancement 
of knowledge concerning early primate development. 
Their valuable Macaque collection represents an abun- 
dance of material of known conception age, collected 
and studied with superior facilities. While the use of 
the same material by different authors has resulted in 
some overlapping, it will be found that the papers sup- 
plement each other, and, taken as a whole, cover the 
principal developmental and growth phenomena that 
characterize this important animal. 



Textbook of Embryology. Fourth Edition. 

By Harvey Ernest Jordan and James Ernest Kindred, 
D. Appleton-Century Company ^ New York and Lon- 
don, $6.75. 9f x61;xiv-f 613;1942. 

The merited success of this useful and straightforward 
account of human development has resulted in a new, 
fourth edition. 

While the present volume is constructed upon the 
same basis as its predecessors, the addition of important 
new descriptive material has made necessary a con- 
siderable amount of revision. Some chapters have 
been rearranged to give a more logical sequence and 
some of the earlier shorter chapters have been placed 
as sections, in small type, under the proper large 
chapters. 

Perhaps the most valuable new feature is the addition 
of the more significant recent experimental and com- 
parative data distributed among the respective chapters 
for the most part as separate terminal sections. This 
new material includes recent investigations on induc- 
tors, hormones, vitamins, parthenogenetic agents, in 
vitro development of mammalian embryos, and the 
results of various transplantation and extirpation exper- 
iments. References to the literature are placed as 
footnotes and collected in an alphabetically arranged 
bibliography at the end of the book. 

The illustrations are well chosen and abundant. 
Many of the earlier figures have been eliminated and 
many new ones added. 


Anatomy of the Nervous System: A Texibook from 
the Developmental and Functional Point of VieWf and 
Atlas of the Nervous System of Man, 

By Olof LarseH. D, A ppleton-Century Company ^ New 
York and London, $6.50. 9{ x 6}; xviii + 443; 
1942. 

Although intended primarily as a medical text this book 
will prove a valuable addition to the general biological 
reference library. It presents not only a comprehensive 
account of the fine anatomy of the human nervous sys- 
tem but also a fairly complete consideration of its 
histogenesis and physiology. Each major division of 
the nervous system is treated in an individual chapter 
and brief summaries of illustrative lessons are given at 
the end of many of the chapters. Many excellent illus- 
trations of sections and interpretive diagrams are 
included in the text and a specialrseries of figures of 
sections of the central nervous system is arranged in 
atlas form at the end of the book. The book is authori- 
tative, modem in outlook, logical in treatment, and 
extremely well written. There is a good bibliography 
and a full index. 



Mammauan Structure: Atlas and Laboratory Manual 
of Cat Anatomy, 

By Charles J, Wideman^ S. J. Loyola University 

Press f Chicago, $1.20. 11 x 9J; 60; 1941 (paper). 
Designed for a one semester course in cat anatomy, this 
manual contains instructions for dissection and is illus- 
trated with 34 original figures. The treatment is 
logical and the directions are easily followed. This re- 
viewer feels, however, that there are several omissions 
which could hardly be justified in a course devoted 
exclusively to mammalian anatomy. The most serious 
of these is the lack of any mention of the autonomic 
nervous system. There is also no consideration of the 
external features of the body, the integumentary mus- 
culature is not mentioned, and the description of the 
body musculature is confined to the most superficial 
muscles of the lateral surface of the body, arm and leg. 
The last 19 pages of the manual are devoted to a full 
pronouncing glossary and an index. 



PHYSIOLOGY AND PATHOLOGY 

Anoxia: Its Efect on the Body. 

By Edward J. Van Liere. The University of Chicago 
PresSf Chicago. $3.00. 9x6; xiii -I- 269; 1942. 
This survey covers very thoroughly the work done on 
oxygen want, particularly the important developments 
within the last 25 years. The earliest studies on oxygen 
were reported by Lavoisier in 1777 in his paper “Ej^ri- 
ments on the respiration of animals and the changes 
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which the air undergoes in passing through the lungs.” 
It was not until nearly a century later (1875) that the 
French physiologist, Paul Bert, becoming interested in 
newspaper accounts of the effect of rarefied air on those 
who ascended to great heights in balloons, began the 
serious study of the effect of variations of barometric 
pressure on man. He persuaded three scientists to 
miake an ascension for observational purposes. Al- 
though provided with oxygen, all three became too 
weak to make use of this. Two of the men died. The 
third became unconscious but lived, although, accord- 
ing to the instrument, the balloon reached a height of 
28,200 feet. Since that time much work has been done 
on anoxia, especially since the greatly increased use of 
airplanes in recent times. 

Four types of anoxia are recognized: (1) anoxemia, 
the most serious form, where there is lack of ox>^gen in 
the arterial blood. This type is characteristic at high 
altitudes, although it is produced by any condition 
which prohibits oxygen passing into the blood, such as 
in pneumonia, drowning, shallow respiratory move- 
ments, and embryological malformations of the heart or 
blood vessels; (2) anemic anoxia, where there is oxygen 
in the arterial blood but a shortage of functioning 
hemoglobin; (3) stagnant anoxia, where the arterial 
blood has a normal amount of ox>'gen but it is not given 
off to the tissues in sufficient quantities; (4) histotoxic 
anoxia, where the tissue cells are poisoned and unable 
to properly use the oxygen. All of these forms of 
anoxia have a profound effect on the body. Since they 
can be artificially induced it is possible to study them by 
the experimental method, either on man or animals. 
Following a discussion of these various laboratory pro- 
cedures the author takes up the effect of anoxia on the 
various organs of the body: blood pressure, respiration, 
lymph, secretion of urine, metabolism, heat regulation, 
nutrition, water distribution in the body, and the 
nervous system. Of particular interest to the general 
reader at the present time are the chapters dealing with 
respiration, mountain sickness and high altitude sick- 
ness, acclimatization, and the nervous system. 

Van Liere states that: 

. . . nervous tissue is the least capable of withstanding 
oxygen want. Whereas cartilage tissue, for example, 
may withstand total deprivation of oxygen for several 
hours without suffering any apparent deleterious effects, 
nervous tissue can withstand deprivation of oxygen 
for only a few minutes. 

From the practical standj^int of the effect of anoxia 
on the special senses, the effect on the eye is doubtless 
the most important. There is evidence that there is 
a loss of accommodation and loss of visual acuity at 
altitudes at which pilots fly. ^ There is also evidence 
that there may be some persistent aftereffects if the 
pilot has subjected himself to extreme altitudes. It is 
obvious that these aftereffects could well cause trouble 
in flying at lower levels and also in landing. Nearly all 
observers agree that the organ of hearing is the most 


resistant of all to anoxia, and, for practical purposes, 
it probably functions until psychomotor collapse occurs. 

The volume contains tables and figures (17) in the 
text, each section is thoroughly documented and an 
excellent working index is provided. 



Hippocratic Medicine: Its Spirit and Method. 

By William Arthur Heidel. Columbia University 

Press, New York. $2.00. 8 x 5i; xv -f 149; 1941. 
Concerning Hippocrates very little is known with cer- 
tainty. Although his contemporaries are agreed that, 
unlike Socrates, he did commit his theories and teach- 
ings to writing, there are no existing documents that 
can be considered accurate copies of what he may have 
written. Yet there is a great body of anonymous medi- 
cal treatises dating from the age of Hippocrates and 
later times, some of which undoubtedly embody his 
beliefs, but there is so much inconsistency among them 
that it is hardly possible to put one’s finger on any 
specific statement and say “This is authentic” or to say 
of another “This b an interpolation.” 

But if we broaden the term “Hippocratic medicine” 
to make it include all the body of medical belief that had 
accrued in Greece during the fifth and fourth centuries 
B.c. and make thb the subject of inquiry, the fact stands 
out that at thb time medical thought was divided up 
into rival schoob of conflicting opinion just as it b 
today. Conspicuous among these was that at Cos to 
which Hippocrates himself belonged, and the rival 
school of Cnidos. But it is not known' what specific 
medical theories characterized these schoob. For in- 
stance, in one ancient document we find quoted the 
commonplace proverb, *‘One man’s meat b another 
man’s poison,” while in another it is naively stated that 
every symptom has its own specific remedy with which 
it should invariably be treated, and since all the reme- 
dies are known it is impossible that any advance in 
medical theor>'^ can ever take place. There was also 
much argument as to whether medicine was an art, a 
science, or a philosophy. Whatever Edppocrates may 
have thought about what medicine was, there b no 
doubt at all as to what he thought it ought to be. The 
entire object of hb writings was to make medicine 
scientific. 

It was for thb reason that Hippocrates has been called 
the “Father of Medicine.” He was not the first physi- 
cian in hbtory — ^far from it. The first Greek philoso- 
pher of whom we have any record, Anaximander, was 
also a physician, and there b evidence^in the Homeric 
epics of medical activity in those days. But Hit>poc- 
rates was the first to attempt to put medicine on a 
strictly scientific basb, and to appreciate what this 
involved we must know something about Greek ad- 
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entific method. A whole chapter is devoted to this 
subject. 

It was Heidel’s intention to write a series of books, 
covering all phases of Greek science, of which the pres- 
ent work was to be one. But unfortunately death 
intervened just after the first volume was completed. 
While we cannot but regret that the author was not 
spared to complete his labors we can at least be grateful 
that this one treatise has appeared. 

The index covers nine pages and appears to be quite 
detailed. 



Immunology. Second Edition. 

By Noble Pierce Sherwood. C. V. Moshy Company^ 

St. Louis. $6.50. 9 x 5}; 639; 1941. 

The author indicates in the preface that this book is 
primarily written for medical students. It seems well 
adapted for this purpose especially during the present 
national emergency when the medical curriculum is 
accelerated and the conservation of time is so impor- 
tant. The author has refrained from entering into 
lengthy discussions of debatable points, but has pre- 
sented the existing opinions of the authorities in clear, 
concise statements. Due to the many subdivisions of 
the chapters and the frequent definitions of terms, the 
reading of the subject matter is not always smooth. In 
fact one may occasionally feel as though he is reading a 
dictionary or a pocket encyclopedia. However, these 
properties together with a style of writing that is easily 
understood make the book a good text for its designed 
purpose. 

The theoretical background of immunological reac- 
tions is presented in such a manner that the student will 
be better able to evaluate properly the significance of 
diagnostic tests as performed in the laboratory. Many 
of the diagnostic tests in widespread use are described 
in sufficient detail to be understood, but not adequately 
enough to serve as a laboratory guide. References are 
given at the end of the chapters for those who wish to 
consult the original literature or desire full descriptions 
of the laboratory technique. 

Two worthwhile chapters have been added to the 
second edition of this book, one on the reticulo-endothe- 
lial system and the other on serum reactions. For those 
not acquainted with colloidal chemistry an elementary 
discussion of the subject is presented in the appendix, 
hiany black and white figures and several colored plates 
illustrate the text. Author and subject indexes are 
included. 



Neus^l Mechanisms in Poliomyeuhs. 

By Howard A. Howe and David Bodian. The Com- 
monwealth Fund, New York; Oxford University Press, 
London. $3.00. 10 X 6}; vii + 234; 1942. 


At the present time, investigators in the field of polio- 
myelitis are not so pessimistic as they were a few years 
ago. Indeed, there is an optimism in the group that 
presages intensive and fruitful work in the near ffiture. 
However, one is struck by the lack of investigators in 
this field who have had fundamental training in neuro- 
anatomy or neurology. Progress is being made, how- 
ever, and already there are some neurobiologists who 
have been making significant contributions to the sub- 
ject of poliomyelitis, as is evidenced by the present book. 
This excellent monograph, in which are recorded the 
investigations of two workers, embodies a series of 
experiments, many of them already published, which 
grew out of the problem concerning the r61e which nerve 
fibers and nerve cells play in the penetration into and 
migration of the virus within the body. In presenting 
this material, the authors have attempted not only to 
achieve a broad and unified basis fbr further investiga- 
tions of virus-neuron relations in general, but also to 
include some of the possibilities which such a study 
offers for understanding both the behavior of the virus 
and the biological processes in the nervous system. 
Material presented includes: the mechanism and rate 
of virus spread in peripheral nerve, the genesis of cere- 
bral lesions, the r61e of neurons in the dissemination of 
virus in the central nervous system, the behavior of 
virus in peripheral nerves and in non-nervous tissues, 
the portal of entry problem in man and in experimental 
animals, the pathology of early arrested and non- 
paralytic poliomyelitis, virus-refactory states in nerve 
cells, and problems of immunity in poliomyelitis pre- 
sented by second attacks. The book is effectively iUus- 
trated with microphotographs, charts and tabular 
material and is provided with an extensive bibliography 
and a complete index. 



Encephautis. a Clinical Study. 

By Josephine B. Neal and Collaborators. Grune and 

Stratton, New York. $6.75. 9x6; xviii -h 564; 1S>42. 
This book adequately fulfills a long-felt demand of the 
medical profession for an easily available source of 
information pertaining to the various encephalitides and 
to the clinical treatment of these dread maladies. 
Josephine Neal and her equally qualified collaborators 
have done a remarkable job of organizing and presenting 
the present knowledge of these diseases, of which a 
great amount must be accredited to them and their 
exhaustive research program. 

The first chapter, by Neal, deals with a general dis- 
cussion of encephalitis regarding the etiologic agents 
involved, viral and otherwise, and the great difficulty 
of making differential diagnoses clinically. R. S. Muck- 
infuss presents in the second chapter an excellent report 
on the epidemiology of epidemic encephalitis. The fol- 
lowing headings of the remaining chapters indicate the 
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character and scope of the book: Neurological complica- 
tbns following acute infections and vaccination; The 
clinical course of epidemic encephalitis; The treatment 
of epidemic encephalitis; The surgical treatment of post- 
encephalitis; Post-encephalitic behavior disorders in 
childhood; The pathology of encephalitis. 

The chapters on the clinical course of epidemic en- 
cephalitis and pathology of encephalitis are particularly 
well integrated and complete with case histories and 
necropsy reports. The chapter on the treatment of 
epidemic encephalitb is interesting and instructive. 
Vaccines, such as herpes vaccines, and drugs, such as 
bellabulgara, that show promise therapeutically are 
discussed. 

Each chapter has an extensive bibliography. The 
book has an adequate subject index as well as a useful 
index of proper names. 



Foun Treatises of Theophrastus von Hohenheim 
Called Paracelsus. 

Edited f with a Preface by Henry E. SigerisL Trans^ 
lated from the Original German^ with Introductory 
Essays by C. Lilian Temkinf George Rosen^ Gregory 
Zilboorg and Henry Sigerist, The Johns Hopkins 
Pressy Baltimore, $3.00. 9 x 6; xii -f 256; 1941. 
Published in commemoration of the four hundredth 
anniversary of the death of Paracelsus, this book pre- 
sents translations of four of his treatises, chosen to 
illustrate four different aspects of his work. The first 
treatise, the Sieben Defensiones^ is Paracelsus’ own 
justification of his ideas and methods; the second, an 
essay on the diseases of miners, is the first monograph 
ever written on the diseases of an occupational group; 
the third, concerning mental diseases, b a pioneering 
work in psychiatiy; the fourth, a treatise on nymphs, 
sylphs, pygmies, salamanders and other spirits, b 
included as a sample of the philosophy and theology of 
Paracebus. 

The importance of Paracebus in the hbtory of medi- 
cine has long been a controversbl point among his- 
torians. Hb erratic ways and hb violent tirades 
against contemporary physicbns gave rise to much 
bitter criticism of him and hb methods, which could not 
fail to influence the opinions of later writers. A first- 
hand evaluation of Paracebus’ thoughts through study 
of hb works has been impossible for the average reader 
because hb books were all written in the 16th century 
German of Switzerland, a language which offers peculiar 
difikulties to the transbtor. The present transbtions, 
together with the brief but illuminating introductory 
essays which accompany them, give the reader a basb 
for forming a real considered judgment concerning the 
place of thb almost legendary figure in the development 
of science. We predict that an increased recognition 
of the originality and sincerity of the man and a lessen- 


ing of emphasis on the **bomba8tic’’ phase of hb char- 
acter, will result. 

A Manual of Endocrine Therapy. 

By Bernard L. Cinberg. Chemical Publishing Com- 
pany, Brooklyn, $3.25. 8J x 5J; v -f 178; 1942. 
The field of endocrinology has expanded so rapidly 
during the past decade that the general practitioner 
caimot even hope to keep abreast of the subject. Even 
if he had time to read all the literature, there would 
still remain for him the colossal task of critically anal- 
yzing and evaluating the various new therapeutic 
agents, procedures and practices in order to decide 
what b practical and what b impractical in meeting hb 
own clinical problems. 

In thb little book, Cinberg has attempted to bring 
together the pertinent aspects of modem endocrinology 
and arrive at a safe and sane pbn of endocrine therapy 
for the general practitioner. The result b not a text- 
book, hence it presents the subject without the details, 
the controversies and the lengthy bibliographies that 
burden modem endocrinology literature. The discus- 
sions are centered around a number of conunerdal 
endocrine products, and are concerned with their thera- 
peutic value in treating human maladies. Where ob- 
servations on the human have not confirmed the find- 
ings on certain lower mammab, the author states the 
facts quite frankly, and warns against the dangers 
patent in the assumption that what will work with a 
rat will work with a human. 

The short section on dbgnostic procedures in endo- 
crine malfunction designed for the unassbted practi- 
tioner, and the Ibt of therapeutic suggestions for treat- 
ing a variety of maladies rebting to the endocrines, 
contribute alike to the excellence and usefulness of thb 
volume in the hands of the hurried and harried 
physidan. 



Laboratory Diagnosis of Protozoan Diseases. 

By Charles Franklin Craig. Lea and Febiger, Phila- 
delphia. $4.50. 9ix5i;349-f-4pbtes; 1942. 

Thb excellent book b intended as a guide to dmgnosb of 
protozoan diseases particubrly for the less expert physi- 
cian and laboratory technician. As such it serves its 
purpose admirably. The sections on each disease con- 
tain detailed descriptions of the morphology of the 
parasite, methods of collection and microscopic exami- 
nation, methods of culture, serological tests for the 
presence of the parasite, and a general qritique of the 
various diagnostic procedures. The different methods 
are described in great detail, and the precautions neces- 
sary for their successful use are pointed out. The 
dbgnostic worth of each method b critically evaluated, 
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in many cases on the basis of the author’s own experi- 
ence. Of particular value are the suggestions made as 
to diagnostic procedures to be used by laboratories of 
limited facilities. The book is well and amply illus- 
trated with drawings and photographs of all the organ- 
isms mentioned. Considerable care was used to show 
the various forms which each organism may take. 

The book is divided into six parts. The first deals 
with amebiasis and flagellate infections; the second with 
the leishmaniases; the third with the trypanosomiases; 
the fourth with cocddiosis; the fifth with the malaria 
plasmodia; and the last with balantidiasis. There is an 
extensive list of references and both an author and a 
subject index. 



Bainbridge and Menzies’ Essentials of Physiology. 
Ninth Edition. 

Edited and Revised by H. Hartridge, Longmans^ 

Green and Company^ New York and London. $5.00. 

8ix5i;x + 687; 1941. 

The original purpose of this book (cf. Q. R. B., Vol. V, 
p. 253 for mention of an earlier edition) was to provide, 
in concise form, the fimdamental facts and principles of 
physiology and thus to serve as an aid to medical stu- 
dents preparing for examinations in physiology. The 
book well accomplishes this purpose inasmuch as it 
contains the essentials of mammalian physiology. 

In the eighth edition, many chapters were rewritten 
and the whole book was brought up-to-date. As a 
consequence there was no complete rewriting of chap- 
ters for the ninth edition. In many cases, however, 
new material has been substituted for the old in such a 
way as to retain the size of the book as a whole. Al- 
though relatively complete on such subjects as the 
circulatory system, muscle and nerve physiology, the 
book is not detailed in its treatment of metabolism, 
vitamins, etc. While no bibliography is included this 
is hardly essential considering the purpose for which the 
book is designed. The excellently prepared index will 
be found most useful to students. 



AlJlCENTAaON Y NUTRiaON £N COLOICBIA 

By Jorge Bejarano. Editorial CromoSf Bogotd. 8 x 

5J; 166; 1941 (paper). 

The author, professor of hygiene at the University of 
BogoU and president of the Red Cross of Colombia, 
from the evidence presented in this book appears to be 
greatly distressed over the lack of good judgment in the 
choice of foods by -a large percentage of the population 
of his country. He finds that they use too much sugar 
and.stai€hy food and too little meat, milk, eggs, fruits 
and vegetables. Likewise the consumption of locally- 
made alcoholic drinks is excessive. He states, how* 


ever, that in most places water supplies are poorly 
guarded and sometimes become contaminated with 
fecal material. Under these circumstances especially 
we should be inclined to agree with the natives that 
water is indeed unfit to drink and alcohol a beverage to 
be preferred. The book contains a good account of the 
recent advances in the science of nutrition. It should 
be of interest and profit to physicians, public health 
workers, and intelligent laymen in Colombia and among 
other Spanish-speaking populations. 



BIOCHEMISTRY 

Biological Symposia, Volume V, I. Comparative 
Biochemistry, II. Intermediate Metabolism of Fats. 
III. Carbohydrate Metabolism. IV. Biochemistry of 
Choline. 

Series Edited by Jaques CatteU. Volume V Edited by 

Howard B. Lewis. Jaques CatteU Press, Lancaster, 

Pennsylvania. $3.00. 9} x 6J; ix -f 247; 1941. 

This fifth number of the series published by the Jaques 
CatteU Press is the second dealing with current bio- 
chemical problems. This volume is composed of the 
four symposia arranged by the Council of the American 
Society of Biological Chemists for the Chicago meeting 
of the Federation of American Societies for Experi- 
mental Biology in April, 1941. The first section con- 
sists of papers on End products of nitrogen metabolism 
in plants and animals, by H. 6. Vichey and H. B. Lewis, 
and on The merging of growth factors and vitamins, by 
W. H. Peterson. These papers, presented with the 
purpose of directing the interests of some of the young 
students of biology to the significance and importance 
of the study of comparative biochemistry, make profit- 
able reading and should go far toward accomplishing 
their end. 

Aspects of the intermediary metabolism of fats are 
treated by H. E. Carter, S. Soskin and R. Levene, R. G. 
Sinclair, and H. E. Longnecker. In the symposium on 
Carbohydrate metabolism, problems of oxidation, phos- 
phorylation, etc. are discussed by T. R. Hogness, C. F. 
Cori, O. Meyerhof, and E. A. Evers, Jr. These two 
sets of articles emphasize the close interrelationships 
existing between fats and carbohydrates in their utiliza- 
tion by the organism. Both stress the importance of 
phosphoric acid as an intermediary agent in both fat 
and carbohydrate metabolism. Oxidation of fatty 
acids b presented in direct relationship to that of 
carbohydrates. 

In the fourth section. The biochembtry of choline, 
E. W. McHenry, W. H. Griffith and D. GUck respec- 
tively consider the relations of choUne to fat metabo- 
lism, to pathological changes in the liver and kidneys 
and to functions of the nervous system. The r61e of 
choline in the important process of transmethylation 
and its relation to methionine and creatine formation 
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are ably discussed by V. du Vigneaud in the concluding 
paper. 

Because this volume deals with some of the newest 
and most revolutionary aspects of modem biochemistry, 
it must perforce make fascinating reading to most biolo- 
gists. One might class these papers as progress reports. 
In most instances the authors have presented the facts 
of the subject in a logical and interesting manner and 
with a minimum of theorizing beyond the data. To 
some this will indeed be refreshing; unfortunately it is 
not always a characteristic of general review papers. 
The volume should find a wide audience not only among 
biochemists, but also among biologists in general. 



This Chemical Age: The Miracle of Man-Made 
Materials, 

By Williams Haynes. Alfred A. Knopfs New York. 

$3.50. 8| X 5i; vii -f 385 -f xxii. 1942. 
Discoveries made since World War I by American work- 
ers in the field of synthetic chemistry have been numer- 
ous and almost miraculous. The author’s purpose in 
writing this book is to give, in non-technical language, a 
clear picture of the origin and growth of our great 
modem chemical industry and to bring out the effect 
which it has had in the life of each one of us. 

The first two chapters are devoted to an explanation 
of the few basic chemical facts necessary to an under- 
standing of what is to foUow. Then, in order, are dis- 
cussed coal tar dyes, perfumes, pharmaceuticals, sulfa 
drugs, mbber, textiles, plastics, and munitions. The 
author shows how World War I, by cutting off our 
supply of synthetic chemicals from Germany, was of 
prime importance in making the present day American 
chemical industry foremost in discovering and pro- 
ducing synthetics in the world. Emphasis is placed on 
the fact that man-made copies of natural products are 
not mere substitutes but are usually superior to the 
natural products. 

The book is, in general, well written and is easy to 
read. There are a few technical errors which might be 
ascribed to the proofreader. The book will not interest 
the trained chemist. However, it should appeal to the 
general reader and hence it fulfils its purpose. 

A brief annotated list of additional titles of a general 
chemical nature, a glossary of terms, and a very good 
index are included. 



Synopsis of Applied Pathological Chemistry. 

By Jerome E. Andes and A . G. Eaton. C. V. Mosby 
Company f St. Louis. $4.00. 7f x4t; 428; 1941. 
Although this book was written as a text, the authors 
point out in the preface that *‘in some ways the book 
niay be regarded more as a handbook than as a text.” 


This is undoubtedly tme as most of the book is pri- 
marily a catalogue of short statements of chemical 
changes accompanying various physiological and patho- 
logical conditions, and equally short statements of 
testing methods. 

By far the largest part of the book is devoted to the 
blood, with shorter sections on the cerebrospinal fluids 
urine, functional tests, gastric analysis, and basal 
metabolism. Most of the tests commonly applied are 
given, and references to tests for constituents not dis- 
cussed are given in several places. There is no discus- 
sion of tissue analysis. The laboratory methods are not 
extensively discussed from a biochemical standpoint^ 
but the “cook-book” directions and the provision of 
formulae for calculating quantitative results should 
appeal to those who have only occasional recourse to 
biochemical tests. References are given for many, but 
not all of the tests. There is a complete index and an 
appendix with instructions for the preparation of 
reagents and standard solutions. 

This volume is primarily for the physician and medi- 
cal student rather than for the biochemist, and should 
prove a valuable book in its field. 



Vitamins and Minerals for Everyone. 

By Alida Frances Pattee. Hazel E. Munsell, Tech- 
nical Advisor. G. P. Putnam* s Sons, New York. 
$2.00. 8 X 5i; xviii -f 242; 1942. 

In this book the latest findings on vitamins 
and minerals are rather interestingly arranged for quick 
reference. The material has been extremely simplified 
so that no specialized knowledge is requii;ed to under- 
stand it. At a glance one is told what the various 
vitamins and minerals are, what they do for the body, 
what foods contain them, and how much of these foods 
one needs daily. 

One valuable and useful feature is the presentation of 
Food Tables from which the vitamin and mineral ade- 
quacy of a diet can be determined without the usual 
calculations. These tables show how much of each 
vitamin and mineral may be obtained from average 
servings of many of the most common foods. Other 
tables show foods in the order of their descending 
potency from those containing most to those containing 
least of these substances. 

Vitamin concentrates are discussed, and sample 
menus are suggested which furnish a day’s quota of 
vitamins, minerals, and calories for a sedentary adult. 



SEX 

Our Sex Life. A Guide and Counsellor for Everyone. 
Second Edition, Revised. 
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By Fritx Kahn. Translated from the German by 
George Rosen, Alfred A, Knopf, New York. $5.75. 
S4 X 6}; xixv + 459 + 41 plates; 1942. 

This second edition of Our Sex Life (cf. Q. R. B. : 1939, 
3, p. 377 for notice of the earlier edition) is not signifi- 
cantly different from the first. Kahn presents a thor- 
ough and interestingly written discussion of most 
phases of sex anatomy, sex hygiene, sex behavior, and 
the numerous sex problems facing the individual. **A1- 
though the author at times waxes a little too poetic, the 
book contains more sense and fundamental information 
than many of the vade mecums of the sex life now on the 
market.” It is to be noted that the book still contaias 
a striking contradiction to the later experimental work: 
‘There are no ‘safe* days during the woman*s monthly 
cycle.** The “numerous theories concerning allegedly 
‘safe* periods ... are pure creations of fantasy.** 

As a whole, however, this translation of Unser Gesch- 
lecktsleben is excellent and deserves a high rank among 
books of its type. 



BIOMETRY 

Physical Measukement of Young Children: A 
Study of Anthropometric RdiabiliUes for Children Three 
to Six Years of Age. University of Iowa Studies. Stud- 
ies in Child Welfare. Volume XVIII, Number 3. Se- 
rial Number 394. 

By Virginia Bergstresser Knott. University of Iowa 

Press, Iowa City, Iowa. $1 .35 (cloth) ; $1 .00 (paper) . 

9i X 5i; 99; 1941. 

Variation in physical measurements resulting from dif- 
ferences in technique is a constant challenge to the 
anthropometrist who strives for some measure of reli- 
ability in his work. The present study was undertaken 
for the primary purpose of evaluating the differences 
arising from three different sources, namely: (1) those 
resulting from observations by two different techni- 
cians; (2) those arising from successive observations of 
the same measurement by a single technician; and (3) 
those arising from the observations of a single tech- 
nician on a subject being measured from several posi- 
tions. A secondary aim of the study was that of deter- 
nddning the most reliable methods for measuring pre- 
school children. 

Thirty-five different physical measurements on some 
131 different children ranging in age from 3 to 6 years 
make up the data herein presented. In general, it was 
found that successive independent observations by a 
single technician showed less variability than those 
between two diffefent technicians. No marked dif- 
ferences were found in reliability of measurements taken 
with«the subject in two different positions. For a com- 
idete record of growth in pre-schod children, the author 


recommends that stature be measured at least 10 tifnes 
a year; length of extremities and body girths, 3 or 4 
times a year; and extremity girths and head measure- 
ments about once or twice a year. 

The report includes a critical evaluation of 44 papers 
on anthropometry, and a number of tables, graphs and 
photographs. 



Statistical Methods Applied to Agricultural 
Economics. 

By Frank A. Pearson and Kenneth R. Bennett. John 

Wiley and Sons, New York; Chapman and Hall, 

London. $4.00. 9 x 5}; vii + 443; 1942. 

This book was written primarily for those interested in 
the application of statistical methods to agricultural 
economics. The illustrations ai^ largely drawn frmn 
the fields of farm management, marketing, and prices. 
However, these illustrations are similar to those which 
might have been taken from other fields in agricultural 
economics and business, so that the usefulness of the 
book to the general statistician is thereby much 
enhanced. The volume is designed for use as a text- 
book in colleges and universities, or as a general refer- 
ence book for statistical workers. The arrangement 
follows the usual procedure: measures of central tend- 
ency, variation, association and reliability. The book 
differs from most textbooks in that it contains two 
chapters on the tabular analysb of relationships— a 
subject ignored in many texts. In the chapters on 
testing reliability, emphasis is placed on problems which 
arise in the social sciences. The appendix contains: 
A Glossary of s 3 anbols used in the book, A method of 
calculating sums of squares and sums of products with 
tabulating equipment. The Doolittle method of solving 
normal equations for net regression coefficients, and 
other general tabular information. References are 
given as footnotes in each chapter. An index has been 
provided. This volume makes a significant contribu- 
tion to literature in the statistical field, and should 
serve as a useful tool for research workers, students and 
teachers alike. 



The Bulletin of Mathematical Biophysics. Vol- 
ume 4, Number 3, September, 1942. 

Edited by N. Rasheosky. U niversity cf Chicago Press, 
Chicago. 

This number contains the following papers: A mathe- 
matical theory of protoplasmic protrusions: I., by 
Henry E. Stanton; A theory of electrical piolarity in 
cells: n, by Robert R. Williamson; Green*8 functions in 
biological potential problems, by Alvin M. Weinberg; 
Further contributions to the mathematical biophysics 
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of visual aestheticsi by N. Rashevsky; Some observa- 
tions on the simple neuron circuit, by Walter Pitts; De- 
layed absorption and diffusion in colloidal media, by 
Herman Branson; An expresuon for the rate of return 
of an egg after artificial deformatbn, by H. D. Landahl. 



PSYCHOLOGY AND BEHAVIOR 

Foumbahons por a Science op Personauty. 

By Andros Angyal, The Commonwealth Fund, New 

York, $2.25. 8i x 5J; xii + 398; 1942. 

In this book the author has attempted to outline a gen- 
eral theoretical basis for a “science of personality,” 
holistically conceived. He starts with the premise that 
such a basic theory must fulfill three conditions. First, 
it would require more specific and positive formulations 
with regard to the nature, organization and laws of 
personality, than are at present available. Under this 
heading the general pattern of life processes is con- 
sidered in its dual nature — the tendency toward in- 
creased autonomy (self-determination, masteiy of envi- 
ronment, aggression or regression) and the tendency 
toward homogamy (the trend of the individual to con- 
form with the superindividual wholes of society, culture, 
etc.). The second desideratum would be the formula- 
tion of a method of synthesis of segmental data whereby 
the facts of anthropology, psycholog>, physiology, 
biology and other “segmental sciences” would be re- 
lated not with each other but rather to the “psycho- 
physically neutral processes” of the total organisms. 
In this connection the author elaborates a theory of 
“systems” which may be summarized as follows: 
“Parts are characterized by being relatively complete 
in themselves and by occupying a position directly in a 
system. The concept of part should be restricted to 
mean immediate’ part. System action spreads in a 
continuous manner upward or downward over the 
entire whole or it may be limited to a certain region.” 
The third condition is stated as the development of a 
new set of concepts of terms, in general more dynamic 
than those employed in the “segmental” sciences. 
However, the author suggests very few new ones but 
does assign new meanings to a number of current and 
generally accepted terms. 

The greater part of the book was presented in a series 
of lectures at the Henry Phipps Psychiatric Clinic of 
the Johns Hopkins University. Its interest is not re- 
stricted, however, either in its general import or in the 
specific problems of illustrations advanced, to the 
psychiatric field . It is a stimulating, well-written book, 
offering an interpretative background for empirical 
findings that should be of interest to anthropologists, 
biologists, physiologists, psychologists and others. 


A Long-Term Study ov the Experimental Neurosis 
IN the Sheep and Dog with Nine Case Histories, Psy- 
chosomatic Medicine Monographs, Volume II, Nos, III 
and IV, mi. 

By O, D, Anderson and Richard Parmenter, NaHonal 

Research Council, Washington, D, C, $3.50. 10 x 

6}; vii -f 147; 1941. 

In this report of a long-term investigation of neurosis in 
the sheep and dog, carried on at the Cornell University 
Behavior Farm, in Ithaca, N. Y., the authors have pre- 
sented in detail their methods of procedure and their 
observations. Their approach is that of the condi- 
tioned reflex method. Their primary interest is in the 
causative factors at the basis of the neurotic disorders 
induced. The second chapter is devoted to a detailed 
description of the manifestations of experimental neuro- 
sis, and the wide variation in symptomatology is 
stressed. In the third chapter, procedures which pre- 
cipitate and maintain the neuroses are described. Par- 
ticularly interesting are the comments on the influence 
of the examiner on the experimental animals’ reactions. 

A discussion of the experimental findings is presented 
in the fourth chapter. As a working hypothesis, the 
authors state : “Repeated and prolonged emotions, inci- 
dent to the experimental procedure, produce a chronic 
imbalance of the internal secretions which induce a 
constant state of imbalance of the chemistry of the 
nerve ceUs. A change in the irritability of the nervous 
system results. The nervous system may become 
hyperirritable.” The authors feel that by laying a 
groundwork of physiological findings they will have a 
basis for later more extensive psychological investiga* 
tions of neurosis. 

In the Appendix, a case history of each Experimental 
animal is presented. There is a bibliography of 24 
titles. 



The Measurement of Adult Intelugence. Second 
Edition. 

By David Wechsler. Williams and Wilkins 

Company, Baltimore, $3.50. 9 x 6; xi -|- 248; 1941. 
This second edition of Wechsler’s book (first edition 
noticed in Q. R. B. Vol. 15, p. 117) follows closely the 
first edition. The development and use of the Weehs- 
ler-Bellevue Scales are described in detail. The mate- 
rial is presented in three parts. Part I is devoted to an 
excellent discussion of the nature and classification of 
intelligence. In Part H, the Bellevue Scales are con- 
sidered in detail. In the present edition, a new chapter, 
Diagnostic and clinical features, is included. Part HI 
consists of the manual of instructions in the criteria for 
scoring the various tests. There are five short appen- 
dices of special statistical methods used. A final sec- 
tion is devoted to intelligence quotient tables. Hieie 
is an index. 
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Your Personality: Introvert or Extrovert? 

By Virginia Case. The Macmillan Company^ New 
York. $2.50. 8| x SJ; viii 4- 277; 1941. 

This book which is written in popular style and for 
popular consumption, presents the concepts of the 
Swiss psychiatrist Carl Gustav Jung, encompassed by 
the terms “introvert” and “extrovert,” in relation to 
types of temperament. The manuscript was read by 
Jung and approved by him for publication. The author 
offers no original ideas of her own, but her presentation 
of Jung’s concepts seems accurate and clear. The book 
has little technical interest, but is readable and will no 
doubt find its public among those whose reading is 
motivated by a desire for self-understanding and self- 
help. 



Physiological Psychology. 

By S. R. Hathaway. D. Appleton-Century Company ^ 

New York. $2.75. 8 x 5|; xxi + 335; 1942. 

This book is designed as a text to acquaint the psy- 
chologist with basic facts relating to the anatomy and 
physiology of the human nervous system. The subject 
matter, in the main, is descriptive and presents a con- 
cise summary of current knowledge of the structure and 
function of nervous tissue. There is little of actual 
^‘psychology” included, and the viewpoint is essentially 
mechanistic. There is a selected bibliography and an 
index. 



DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

A Short History of Science to the Nindeenth Century. 
By Charles Singer. Clarendon Pressy Oxford; Oxford 
University PresSy New York. $3.75. 8J x 5i ; xiv -f 
399; 1941. 

Doctor Singer begins his interesting history with the 
definition of science. This he conceives to be “no static 
body of knowledge but rather an active process that 
can be followed through the ages.” Science was an 
active process when early man was learning and improv- 
ing methods of producing fire. The beautifully drawn 
cave pictures of the bison with arrows embedded in the 
heart (a pictorial study of the method of killing) are 
evidences of accurate observation and a knowledge of 
anatomy by prehistoric man. In the agricultural stage, 
man developed a system for determining the onset of the 
season which led to a calendar. With commerce, the 
system of numerical notation evolved. Of the “great 
primary discoveries which made social life possible” 
nothing is known. Nevertheless the people who made 
these discoveries were taking part in the development of 
sdence. They were doing the spade-work which made 
it possible for later civilisations to produce men “who 


were conscious of science as a distinct process and who 
were conscious, too, that the process might be indefi- 
nitely extended ” While the present work begins 

with the earliest known records that are in any degree 
complete, the author believes that ultimately a work 
will be written that will include many of the sources of 
scientific development of the ancient world. “The 
ancient world presents us numerous such instances 
fathered by necessity and mothered by experience. All 
have a like claim to be included in a history of science.” 

Throughout his book Singer links the progress of 
science with the lives of the great men in science — cover- 
ing a i)eriod of about 2500 years. The first period he 
terms “The Rise of Mental Coherence” (600-400) and 
begins with the Ionian Greek Thales (629-565 B.C.). 
Such men as Anaximander, Hecataeus, Heracleitus, 
Democritus, Herodotus, Pythagoras, and Hippocrates 
belong in this period which culminates in the great 
intellectual revolution associated with Socrates (470- 
399). “Out of the conflict between the Socratics and 
the physical philosophers arose the main streams of 
later Greek thought. These two streams derive their 
titles and their tendencies from the two gigantic figures 
that occupy the stage during the fourth centuiy, the 
age of Plato and Aristotle.” 

The second period (400-300) Singer terms “The Great 
Adventure” and here he discusses the several “unitary 
systems of thought” of the Platonian and Aristotelian 
schools. Singer has so admirably summed up in the 
final paragraph of this chapter the contents of the next 
three chapters that we quote in full, not only to give 
the reader a comprehension of the ground covered but 
an example of the author’s lucid style. 

In leaving the heroic age of Greek science we would 
again emphasize the “universal” character of the 
philosophical attempt that wc call the “Great Ad- 
venture.” The scientific activity of the age partook 
of the nature of what we should now term “philosophy.” 
The object of each investigator was to fit his observa- 
tions and the laws that he deduced into some general 
scheme of the universe. From their day to ours phi- 
losophy has continued her attempt thus to storm the 
bastions of heaven. But with the new age that wc have 
to discuss, there was a failure of nerve in that great 
frontal attack. Science, becoming gradually alienated 
from philosophy, begins to proceed by her own peculiar 
meth^ of limited objectives. The first series of these 
attempts resulted in the “Great Failure,” the story of 
which we shall trace through two thousand years 
(Chs. Ill, rV, V). Nerve fails first, as with the Alexan- 
drian school (Ch. Ill), next Inspiration falters under 
the Roman Empire (Ch. IV), lastly Knowledge itself 
fades in the Middle Ages (Ch. V). At length there is a 
rebirth. The science of the Renaissance — in which we 
still live — ^began again to proceed by the method of 
limited objectives (Ch. V). How that method differed 
from that with which the Great Failure is associated 
is a matter which we shall have to discuss. 

The period 1250-1600, “The Revival of Learning,” 
was marked by the rise of humanism, the introduction 
of the art of printing and the revival of the natural 
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sciences. It was an age of great accomplishment but 
the sciences were dominated by the models of antiquity. 
"‘The Insurgent Century” (1600-1700) brought the 
downfall of Aristotle and new attempts at synthesis. 
Credit belongs to Galileo more than to any other man 
for the break with ancient modes of thought and the 
opening up of new lines for scientihc progress which led 
to The Mechanical World of the XYIII and XIX cen- 
turies, a period marked by the “Enrollment of Deter- 
minism.” It is the era of Newton, Faraday, Kant, Lin- 
naeus, Darwin, and many others who have had a pro- 
found influence on our own times. 

Singer brings out very clearly that the path of sci- 
entific progress has by no means been a straight-forward 
line yet one finishes the book with the feeling that in the 
background, throughout the ages, there have been cer- 
tain tendencies leading to the attained end. Many 
excellent drawings are included in the text. The index 
is confined to the names of the individuals occurring in 
the history. 



College and University Museums: A Message for 
College and University Presidents. 

By Laurence Vail Coleman. American Association of 

Museums^ Washington^ D. C. $1.25. 9 x 6; viii 4- 

73; 1942. 

The author of this work believes that every institution 
of learning should have not only one museum but sev- 
eral museums, the reason being that objects suitable for 
museum display are less related to each other than to 
the departments in which they are studied. The 
United States National Museum in Washington (which 
the author does not discuss because it is not a university 
museum) is an excellent example of what a university 
museum should not be, for here collections dealing with 
art, science and history are all assembled under the same 
roof. The student who goes to Washington for ad- 
vanced research is not likely to be disturbed by the pres- 
ence of objects in which he is not interested displayed 
in other halls of the same building, but the college 
student who is generally a beginner and who is also 
likely to be already inconvenienced by having to get 
his bibliographical material from a building that may 
occupy a position on the campus remote from the labo- 
ratory and the class room, will be even further handi- 
capped if the material which he wishes to examine is 
‘kept in a locality diflerent from these. 

Furthermore, there are fundamental differences 
among the three t 3 q)es of museums. The historical 
museum is likely to be congested with objects of no par- 
ticular interest donated by well meaning patrons who 
wish to get rid of them, and these the coUege must 
accept, to avoid risk of offending those on whom it may 
depend for pecuniary support. (The reviewer has in 
mind a well-known institution of higher learning which 


had to accept from the bereaved heirs of its founder a 
wax model of the bacon and eggs which he left on his 
breakfast plate just before meeting a violent death* 
Such objects should of course be segregated in a room 
where the donor may inspect them but where students 
are not required to go.) 

The exhibits in the art museum are for obvious rea- 
sons likely to be loans. Since these circulate through 
many museums it follows that in the long run the ex- 
hibits in different museums are likely to be very much 
the same. On the other hand, the exhibits in the mu- 
seum of science are likely to be the property of the col- 
lege, and if these exhibits illustrate what the Germans 
call Heimatskunde as they should, every college museum 
is likely to have its own personality, distinct from aD 
the others. 

The administration of such a museum presents prob- 
lems quite different from those which arise in the case 
of the art museum and constitute another reason why 
the two kinds of museums should not be consolidated 
in the same building. 

On the other hand, if each department has its own 
museum, there arises another danger to be guarded 
against. Museum supervision requires a highly spe- 
cialized training. To build up a college collection, to 
index and classify new acquisitions, to keep the docu- 
mentary records correctly filed, and above all to see that 
borrowed material is returned promptly to its correct 
place when due is no mean task, and requires the full 
time of a skilled curator. It is beyond the ability of the 
ordinary professor or his assistant. 

The author discusses the various problems that arise 
in museum management and illustrates the way these 
have been met successfully at some of the ’best known 
universities by photographs and floor plans. He might 
have made his thesis more convincing by including some 
horrible examples of mismanagement by way of con- 
trast, but it is not difficult to imagine why this was 
not done. 

The author’s object in writing the book is indicated 
by the subtitle. It would be a fine thing if every college 
president in the country would familiarize himself with 
the contents of this book. 



Scientists Face the World or 1942: Essays. 

By Karl T, Cofnpton, Robert W. TruUinger and Vast- 
nevar Bush. Rutgers University Press, New Bruns- 
wick, N.J. $1.25. 9x6; [80]; 1942. 

The University and the Future of America. 
Contributing Authors: Isaiah Bowman, Walter Brad- 
ford Cannon, Edwin Francis Gay, Herbert Hoover, 
Edwin Powell Hubble, Herbert Spencer Jennings, 
Charles Franklin Kettering, Ernest Orlando Lawrence, 
Archibald MacLeish, Robert An^ews MiUikan, Lewis 
Mumford, William Fielding Ogbum, Roscoe Pound, 
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Aurelia Henry Reinhardt^ Edward Lee Thorndike, and 

Ray Lyman WUhtr, Stanford University Press, 

Stanford; Oxford University Press, London, $3.00. 

9 X 6; ix + 274; 1941. 

Probably no one will seriously question the assertion 
that the second world war will some day come to an end. 
Many of those who have access to the public ear are 
advising that until that day all plans for the reconstruc- 
tion of civilization be held in abeyance all unmindful of 
the possibility that the civilized world as we have known 
it may vanish before our eyes in the conflagration, leav- 
ing nothing to reconstruct. These misguided prophets 
also seem to forget that a cessation of hostilities follow- 
ing the cry “voe victisl** is no more likely to lead to an 
enduring peace now than it did a quarter century ago, 
and that a reconstructed civilization can be no more 
than a hypothetical abstraction unless its foundation 
can be laid before the ultimate outcome of the war 
becomes a certainty. 

Therefore we may be thankful that two of the leading 
universities of the country have seen fit to celebrate the 
anniversaries of their founding by holding symposia for 
the consideration of the future of civilization. 

It is interesting to observe how characteristically the 
personalities of the two institutions are reflected in their 
respective symposia. Rutgers University was founded 
175 years ago by descendants of New Amsterdam 
Dutchman, who had a reputation for business acumen 
(at least that is the way that Peter Kalm represented 
them). The contributions to its symposium are engi- 
neers. This term has acquired a wider designation 
than its original denotation of one who runs an engine, 
and in these pages we meet the terms ‘^biological engi- 
neer*' and “agricultural engineer.” These expressions 
indicate those who approach the problems of biology 
and agriculture with the mental attitude and precision 
of the trained engineer. These are not the men who 
maki> great scientific discoveries, but those who apply 
the fruit of scientific achievement to human welfare. 
They are the spiritual descendants, not of Swammer- 
dam or Faraday, but of Pasteur and Clerk-Maxwell. 

On the other hand, Stanford University is young by 
comparison. Established only a half century, it is still 
largely colored by the memory of its first president, 
David Starr Jordan, whose presence we still seem to feel 
when walking through its halls or under the eucalyptus 
trees of its campus. Although a great hiunanitarian, 
hb pursuit of Truth was not prejudiced by any motive 
of materialism. Those who participated in this sym- 
posium with one exception, do not seek to reform the 
world, but to understand it. Reformation may be 
desirable and necessary, but understanding must come 
first 

The best essay out of the fourteen which comprise 
tUs bex^ is always that which one is reading at the 
last time. 


Lanouaoz in AcnoK. 

By S, I. Hayakawa. Harcourt, Brace and Company, 

New York, $2.00. 71 x 5; ix + 245; 1941. 

The Trivium of the Middle Ages consisted of Logic, 
Grammar, and Rhetoric. These terms were more 
broadly construed in those days than at present; logic 
was the art of thinking, and grammar and rhetoric were 
the arts of self expression by means of the written and 
spoken word. Anyone who has successfully mastered 
these subjects need not fear for his education in any 
company today. 

Psychologists have long argued over the extent to 
which thought might be possible without language. 
Sub-human animals have thoughts, but to what extent 
do they know that they think? If conscious cerebra- 
tion depends on language, does it not behoove us to try 
to understand the theory of language? Do we not need 
to know something about the use of language, instead of 
being satisfied merely to know how to make use of it — a 
very different thing? 

It is said that Tallyrand, on negotiating an inter- 
national treaty suggested that if it did not contain an 
ambiguity one should be inserted. But probably such 
a step was unnecessary as all language, especially the 
language of diplomacy, is by nature ambiguous. Not 
only do the same words convey different meanings to 
men in Timbuktu and Paramaribo, but they convey 
to the same individual a different meaning today from 
what they did yesterday or will tomorrow. 

The only language which remains unchanged 
throughout the ages is profane language. The dead 
languages do not acquire new meanings, but they are 
full of ambiguities acquired when they were vital media 
of expression. In fact, probably the chief cause of 
mortality among languages is that, having reached the 
saturation point for ambiguity, they can acquire no 
more. As long as a language is a living thing it must 
exhibit the chief characteristic of all living things — 
incessant change. 

During the past few years thoughts such as these 
have actuated numerous authors to produce books 
devoted to the discussion of the meaning of verbal ex- 
pression. Unfortunately these books are for the most 
part expressed in such philosophical jargon that they 
illustrate the difficulties that they are intended to eluci- 
date. The single exception seems to be the one now 
under consideration. It is logically conceived and 
lucidly written, and when the author resorts to expres- 
sions that would be ambiguous in less skilful hands the 
content always indicates what is intended. It is even 
pleasant reading and will be found especially helpful 
by any one who contemplates writing a book on any 
subject. 
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Caxnsoib iNSTmmoN or Washxkoton. Ym Book^ 
Number 40, July J, 1940-June 30, 1941. With Ad- 
ministralhe Reports through December 12, 1941. 

Cart^gie Institution (^Washington, Washington, D. C. 

$1.50 (cloth); $1.00 (paper). 9) x 6}; xxzii + 346; 
1941. 

Vannevar Bush says, in the President’s report, 

**The Carnegie Institute of Washington is so con- 
stituted that it is bound to be deeply involved in that 
aspect of the present intense national effort which is 
concerned with the application of natural sciences to 
national defense, and it is necessary and fitting that the 
Institution should respond fully to the call of govern- 
ment in this regard. Inevitably, therefore, many of 
its long-range programs of research in the field of pure 
science have now been changed or held in abevance.” 

Concerning defense activities: ^'In order that the 
combined effort may be properly integrated, the 
President of the United States has, by Executive Order, 
created the Office of Scientific Research and Develop- 
ment as a part of the Office for Emergency Manaj^- 
ment, and has given this Office the task of coordinating 
all defense research, and, through its subordinate bodies, 
of supplementing the research of the Army and Navy 
in the development of instrumentalities of warfare, 
and in medical research connected with defense. The 
President of the Institution is Director of this Office, 
and many staff members are members of its organi- 
zation.” 

Reports are given as usual, in the Year Book, on the 
progress and development of the different departments 
(astronomy, terrestrial sciences, biological sciences, and 
historical research). The Department of Terrestrial 
Magnetism is heavily engaged in research on govern- 
mental problems. In a limited space it is not possible 
to summarize the activities in the biological sciences and 
in historical research. Many of these have been re- 
ported in these columns from time to time. But we 
wish to call attention to Comer’s interesting review of 
the program of the Department of Embryology, in 
which he says: 

The past history of this Department, looked at from 
one point of view, is a brilliant example of a planned 
campaign, s^tematically conducted. It is indeed 
remarkable how many of the items of Dr. Mall’s 
original ^Tlea for an Institute of Human Embryology” 
have been successfully executed. On the other hand, a 
list of the individual investigations mentioned in the 
successive Year Books might sumst that the advance 
was not alwa 3 r 8 direct. What has been done has at 
times not even been embryology under standard defini- 
tions of the term, . . . Yet the general result has been 
an advance in our knowledge of embryology in the 
strict sense. 



Notes on the Peepaeation oe Papers por Pubuca- 
TION IN The Journal of Hygiene and Parasitology. 

By the Late G. H. F. NuttaU. Cambridge University 
Press, London; The Macmillan Company, New York. 
$1.15. lOi X 7; 62; 1940. 


We highly recommend this little volume as an invalu- 
able guide for the young research worker in the prepara- 
tion of biological papers for publication. The late 
Doctor Nuttall, founder of two journals, the Journal of 
Hygiene and Parasitology, set a high standard for the 
writing of scientific articles. During the long period 
that he served as editor {Journal of Hygiene, 1901-1937; 
Parasitology, 1908-1937) he assisted many inexperienced 
writers in preparing and improving their manuscripts 
for the press, with the twofold aim of raising the literary 
workmanship of scientific journals and of relieving the 
editor and the press of much unnecessary work. 

From the large collection of notes which Nuttall left 
pertaining to the many phases of the preparation of 
papers for publication, the present editors of Nuttall’s 
journals, G. S. Graham-Smith and D. Keilin, have com- 
piled this volume. They have omitted many notes of a 
specialized nature, such as technicalities in printing and 
illustrating, in order to produce a brief, concise guide 
useful to those who are entering the field of scientific 
writing. A complete mastery by the young author of 
the basic rules which are herein given will simplify all 
his future writing. Furthermore, he will learn some- 
thing of the editor’s problems. 

Certain **Golden Rules” are listed that must always 
be foUowed, and suggestions are given for (1) the com- 
position of a paper (a) from original notes, (b) first, 
second, and intermediate drafts with general instruc- 
tions pertaining to headings, footnotes, quotatimis, 
abbreviations, bibliography, style and wording, illus- 
trations, etc.; (2) sending manuscripts and illustrations 
to the editor; proof reading, reprints; and finaUy (3) the 
history of a paper is given after it has been sent to the 
editor. The index is a model which those whose ambi- 
tions extend to more formal writing may well follow. 

Books of this type are important for biological librar- 
ies. The low cost of the present volume, however, 
makes it available to most individuals. 



The Days op Creation. 

By WiUy Ley. Modem Age Boohs, Inc., New York. 

$2.75. 8J X 5J; X + 275; 1941. 

This book is an aUempt to tell, in popular form, the 
story of the evolution of life on the earth beginning with 
the creation of the planet itself and continuing throufl^ 
to the present time. There are a number of things with 
which the specialist might find fault, as is probably 
inevitable in a popular book written by a non-specialist. 
However, the book is to be recommended in that it pre- 
sents in many cases the evidence for the statements 
made. In a number of instances different thedries are 
compared with an evaluation of the evidence lot and 
against them. It approaches in this respect the techni- 
cal writings of the professional scientist more closdy 
than most popular books. 
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The book is not simply an attempt to chronicle the 
events in the histoiy of life on the earth. It presents 
evolution as a dynamic process with emphasis on cause 
as well as on effect. The treatment of the causes of 
evolution includes a very much simplified and not too 
satisfactory version of the contributions of modem 
genetics to this field. In general the treatment of caus- 
ative factors is not as satisfactory as the description of 
the events. Nevertheless it should give the lay reader 
the thought that evolution is not something that inex- 
plicably happened. 

For some reason, the author has built the book around 
an attempt to compare the history of evolution with the 
story of creation according to the book of Genesis. He 
makes much of this in the introduction, and the book is 
divided into chapters headed The first day, The second 
day, etc. However, this purpose seems to have been 
almost completely forgotten in writing the individual 
chapters, for only a very few paragraphs have been 
devoted to it. It seems to have been used as a frame- 
work by which to outline the book and then to have 
been put aside. 

There is an index of five pages and a number of fairly 
good drawings, some of which are taken from illustra- 
tions in well-known scientific works. 



A New Earth and a New Hxjmanity. 

By Oliver L. Reiser. Creative Age Press ^ New York. 

$2.50. 8 X 5; xiv + 252; 1942. 

This treatise might well have been entitled “A New 
Philosophy for the Average American.” The central 
theme around which this discourse revolves is that our 
scientific and technological progress has so outstripped 
our ethical and social progress that we find ourselves as 
a race heading certainly and rapidly for extinction unless 
some drastic change is brought to bear on world condi- 
tions. A factor contributing strongly to this situation 
is the confusion and uncertainty characteristic of our 
modem system of education. This weakness of our 
educational system has been in a large measure the di- 
rect result of disagreement over what should be taught 
in our schools, and haw it should be taught. Another 
contributing factor to our failure in ethical and social 
progress is that we have not applied enough of the scien- 
tific method to these realms of human endeavor. In 
this connection, the author feels that it is well to 
remember that the essence of the scientific method is 
freedom in word and action and that the final authority 
rests not with a man or an accepted point of view, but 
with the experiment. It is the belief of the author that 
when the scientific method is more thoroughly applied 
to the development of governmental S 3 ^tems, world 
econoDiy, and social behavior, then and only then can we 
to bring any sort of order out of the present chaos. 
ISnoe America alone retains some vestige of freedom. 


the author believes that the American people have a 
great responsibility in shaping the future destiny of 
world civilization. 

The discussion is timely, and although it may appear 
to some readers to be slightly tinged with war-time 
propaganda, we believe that the author is entirely sin- 
cere in his viewpoint, and that he has given a great deal 
of honest, unemotional thought to present world con- 
ditions. 

The work carries a 25-page index. 



Tse Arch Lectures. Eighteen Discourses on a Great 
Variety of Subjects Delivered in New York during the 
Winter of 1940. 

By Claude Bragdon. Creative Age Press, Inc., New 

York. $2.00. 8 X 4i; vii -4- 235; 1942. 

The author, an architect by profession, and an educator 
and philosopher by inclination, here presents a series of 
discussions which he gave before **The Friends of Car- 
man Barnes Club” in New York City. These lectures, 
like much of Bragdon’s other writings, expound in 
sincere and convincing manner the so-called “new phil- 
osophy” of education, which would supplant the rather 
mechanistic and materialistic present methods and pro- 
cedures with other methods and procedures designed to 
educate the young by stimulating and developing the 
imagination, the spirit, the aesthetic and cultural senses. 
With much of the material covered by these lectures the 
average intelligent reader will disagree violently, but he 
cannot help but find the author’s presentation challeng- 
ing and enlightening. In certain respects, it is to be 
hoped that parts of this book will prove to be prophetic. 
Some of the more interesting lectures are concerned 
with; yoga, the fourth dimension, symbols and sacra- 
ments, archetypes, art and the machine age, sky- 
scrapers, harnessing the rainbow, the theatre, footprints 
of the eternal fugitive, the ritual of play, the androgyne, 
modem idolatries, and Emerson — the mouthpiece of the 
American spirit. 

There is neither index nor bibliography, but the book 
is illustrated with a number of very fine photographs. 
This reviewer recommends the volume to thoughtful 
and progressive-minded readers, who will doubtless find 
in it a picture of the type of world we could all have if 
we were only willing and able to rise from our present 
grossly materialistic level of living to the higher plane 
of the idealistic. 



Basic Laboratory Practice: An Elementary Manual 
Fundamental Technic. 

By Norman G. Sprague. Chemical Publishing Com- 
pany, Brooklyn. $3.50. 8J x 5|; ix -f 124; 1941. 
This book is a new type of chemical laboratory manual 
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designed to accompany any laboratory course book. 
The author here gives concise and collected form to nu> 
merous elementary details and instructions of labora- 
tory behavior and technique which are not usually 
found in one place, and many of which are probably 
gathered only by word of mouth. The purpose is two- 
fold: to aid the instructor in a burdensome, though 
important, task, and to give the student the continual 
detailed instruction in good laboratory technique which 
is so vital to success. The manual is in no way a collec- 
tion of trick methods, ^^kinks”, short-cuts, or improvisa- 
tions. The student is expected to use a little originality, 
and the instructor to present better methods, if he knows 
them. The arrangement of the contents is as follows: 
rudiments of behavior and technique, preparation of 
some very simple and essential equipment, some general 
operations with liquids and solutions, filtration, dish- 
washing, drying and absorption apparatus, use of the 
chemical balance, a few volumetric manipulations, and 
chemicals that entail special difficulties and dangers. 
The author concludes with a discussion of study, includ- 
ing study habits, literature of chemistry, notebooks, 
reports, the spoken word, and honesty. The book is 
appropriately illustrated with photographs and draw- 
ings, which add greatly to its value for the student, and 
concludes with an index. There is little doubt but that 
this manual will be a real boon to the chemistr>' instruc- 


tor and of invaluable assistance to the student through- 
out his entire chemistry course. 



Photography: Us Science and Practice, 

By John R. Roebuck and Henry C. Staehle. D. AppU- 
ton-Century Company, New York and London, $5.00. 
8i X 5i; XV -f 283; 1942. 

The present volume is a survey of the modem science of 
photography as it is understood and practiced today. 
Topics such as the nature of the photographic emulsbn, 
exposure and development, color sensitivity, chemistry 
of the photographic process and positive processes such 
as printing, enlarging, and the making of lantern slides, 
etc., are treated in detail. The latest views on the 
mechanism of image formation are presented in a chap- 
ter entitled ‘^Theory of the latent image,” and one 
chapter b devoted to lenses and the optical aspects of 
photography. Of considerable interest is the account 
^ven of the principles involved in the various processes 
of color photography. Since the object of most pho- 
tography is to obtain good pictures the authors have 
very appropriately given us, in a final chapter, many 
practical suggestions as to composition. 

A very useful laboratory manual of practical experi- 
ments and a general bibliography conclude the volume. 
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THE NEW PERSPECTIVE IN THE HALOPHYTES 

By V. J. CHAPMAN 


1. INTRODUCTION 

A SUMMARY of the recent literature 
on the halophytes appeared in the 
Botanical Review for 1941 (Uphof), 
but it would seem that there is still 
need for a critical discussion of the 
tnoi^ important recent papers, some of which have 
appeared since the review referred to above. The 
object of such a discussion would be first, the as- 
sessment of those phases in which progress has been 
most pronounced, and second, an indication of the 
direction along which future research might profit- 
ably proceed. 

Stc^er (1928) has defined halophytes as **those 
plants which at any stage of their life are subjected 
to a concentration of salt [Salswirkung, in the 
original] which is more than "normal’ glycophytic 
plants can bear without dying.” (Glycophyte is 
a convenient term for all plants that caxmot grow 
in places where the concentration of sodium chlo- 
ride in the soil solution is more than 0.5 per cent. 
It must be understood that this is a purely arbi- 
trary definition.) While it may be easy to distin- 
guish between extreme halophytes and glycophy tes 
it is hf no means so easy to determihe to which 
class a plant should belong at the lower concentra- 
tions of sodium chloride. Field observations and 
cq>erimental work indicate that the boundary 
should be placed at about 0.5 per cent sodium 
chloride m the soil water. Among plants there 
appears to be a marked difference in tolerance 
above and below this concentration. 

At this point it is essential to define the terms 
it is proposed to employ subsequently. 


Halophyte, A general term which includes all 
plants that are capable of growing in an environ- 
ment where there is more than 0.5 per cent sodium 
chloride. Its use will not imply that the species is 
either common or rare in such habitats nor will the 
term involve the assumption that a plant caimot 
grow under any other conditions. The Halophytes 
will not include plants that grow in places where the 
soil is characterized by an excess of a salt other than 
sodium chloride, e.g. inland areas where there is an 
excess of magnesium salts, etc. The flora of such 
places should be distinguished from halophytes, as 
defined above, and the plants should be placed in 
another category. In the past they have com- 
monly been included in the halophytes. 

Euhalophyte. This term will be restricted to 
those plants whose optimal growth takes place in 
an environment in which there is more than 0.5 per 
cent sodium chloride. (It is impossible to define 
more accurately the term ""optimal growth.” We 
cannot say growth to maturity because plants may 
flower and set seed and yet be weakly or stunted. 
Whilst field observations may indicate whether 
growth is approaching optimum or not, experiment 
must ultimately be the decisive factor.) Euhalo- 
phytes will not grow unless there is an abnormal 
concentration of sodium chloride in the habitat. 
This class includes species of SoHcomia^ Rkuuh 
phorOj and the "submerged’ halophytes, e.g. Zos- 
tera, Cymodoceay Posidonia, 

Miohalophyte, This will be applied to those 
plants which are to be found, either commonly or 
rarely, in habitats where there is more than 0.5 par 
cent sodium diloride; their optimal devdofmirat 
occurs, either naturally or experimentallyi in W 
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environment where there is less than 0.5 per cent 
sodium chloride (cf. below). 

It must be admitted that in many cases we do 
not yet know whether a species is an eu- or mio- 
halophyte; for such plants we must therefore use 
the non-committal term of halophyte. In 1939, 
Van Eijk suggested that what I call miohalophytes 
could be divided into two classes. 

a) Plants which normally grow under glycophy- 
tic conditions but which nevertheless have some 
resistance to a concentration of more than 0.5 per 
cent sodium chloride. The evidence is based either 
upon growth in culture solutions or else upon rec- 
ords of occasional plants growing in a halophytic 
envirpnment. This group can be termed the halo- 
glycophytes^ and then the true miohalophytes will 
form the second group. 

b) Plants which normally grow on haline sods, 
but whose optimal development is under glycophy- 
tic conditions. This category includes a very large 
number of plants that grow around sea shores, e.g. 
Aster Tripoliumy A. subulattiSy Triglochin mariti- 
mum, Tlantago maritimay F, oliganthos. 

The evidence which is slowly accumulating sug- 
gests that the large majority of halophytes are 
really miohalophytes and that the euhalophytes 
form a relatively small dass. One of the most 
important results of recent experimental work has 
been to show that halophytes grow as well, or often 
even better, under purely glycophytic conditions. 
The submerged marine phanerogams, together 
with one or two genera such as Salicornia and 
Artkrocnemony form the bulk of the euhalophytes. 
A large number of the miohalophytes occur in ha- 
line areas because they are unable to compete suc- 
cessfully with glycophytes in non-haline areas. 
Anyone who attempts to grow miohalophytes 
under both haline and glycophytic conditions can- 
not help but observe that the plants are relatively 
slow growing as compared with the majority of 
glycophytes: this is true not only of the herbaceous 
species but also of the woody ones. Serious com- 
petition between species only occurs under glyco- 
phytic conditions because when there is more than 
0.5 per cent sodium chloride present the glyco- 
phytes do not grow. Germination may be excel- 
lent and rapid, e.f:. Aster spp., Salicornia spp., and 
even early seedling growth may be good, e.g, Rhi- 
%opkpraf Avkennia, but it is not long before the 
giowth rate slows down, and under glycophytic 
COdiditions the halo^^ytes are soon surpassed and 
inowded out by other species. In fact halophytes 


can only be grown successfully under such condi- 
tions so long as they are kept free from competition. 
This phenomenon may also be correlated to a very 
large extent with the fact that most of the halo- 
phytes are perennials. 

There is, however, a further complication. 
There are those plants which grow on sand dunes 
near the sea shore: the roots of such plants will 
commonly be in fresh water, since Oliver (1924), 
Hill and Hanley (1914) and Chapman (1937) have 
all demonstrated the presence of a fresh-water 
table in maritime dunes. The surface of the sand, 
however, may contain some salt from spray, and 
the aerial portions of the plants will also be sub- 
jected to spray in stormy weather. Stocker (1928) 
has suggested that the term xero-halophyte should 
be reserved for the plants of the salt (sodium chlo- 
ride) desert, and that the term aero-halophyte 
should be employed for plants that are subjected to 
salt in the form of either spray or powder. Schratz 
(1934), on the other hand, regarded the dunes as 
xero-haline in contrast to the hygro-haline habitat 
where there is a salt-water table. Examples of 
plants growing on the former are Arenaria pep- 
loideSy Psamjna arenariay Eryngium maritimumy 
and in the latter any of the salt marsh plants, e.g. 
Limonium vutgarCy Triglochin maritimumy Spergu- 
laria marginatay etc. There would seem, however, 
to be no reason for departing from Stocker^s earlier 
usage of these terms. 

The degree of salt which a plant is able to with- 
stand has been used by Iversen (1936) as a basis for 
a classification of salt marsh plants, and by widen- 
ing the scope it could well be employed for the 
halophytes as a whole. In many respects it is more 
convenient because it is dependent upon a feature 
which can be measured in the field; van Eijk’s two 
classes (cf. above), on the other hand, are depend- 
ent upon a knowledge of the growth conditions of 
the plant, and it cannot be said that adequate 
studies have been made of many species. Iver- 
sen’s schema is based upon the amount of sodium 
chloride present in the soil water table, but since 
the roots of many plants do not reach down to this 
depth a more satisfactory criterion would be the 
percentage of Cl"* present in the soil water at the 
absorbing region. This classification will include 
plants from any habitat; furthermore, allowance 
can be made for seasonal changes in the environ- 
ment (annual range) and this is an additional 
feature in favot of the scheme. On this schema, 
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which has been modified somewhat from the origi- 
nal, there are five groups: 

Miohalophytes 

1. Glyco-tnesohalophytes, Plants that grow in 

habitats with a range of 0.01-1.0 per cent 
sodium chloride. 

2. Euryhalophytes, Plants that grow in habi- 

tats with a range of 0.1 < 1 .0 per cent sodium 
diloride. 

£uhaloph 3 rtes 

3. Mesohalophytes, Plants that grow in habi- 

tats with a range of 0.5-1.0 per cent sodium 
chloride. 

4. Meso-euhalophytes, Plants that grow in 

habitats with a range of 0.5- <1.0 per cent 
sodium chloride. 

5. Eukalophyies, Plants that grow in habitats 

with more than 1.0 per cent sodium chlo- 
ride. (The term is not used again in this 
, sense.) 

Summarizing we can say that the term ^euhalo- 
phyte’ should be restricted to those plants that can 
grow or reach their optimal development only so 
long as there is more than 0.5 per cent sodium 
chloride present, e.g. the meso-, meso-eu- and 
euhalophytes of the scheme above. All other 
plants which commonly grow under haline condi- 
tions, but which reach their optimal development 
in a fresh-water environment are to be regarded as 
miohalophytes. The terms hygrohalophyte, xer- 
ohalophyte and aerohalophyte may remain in use 
purely as a means of distinguishing groups of 
plants that commonly grow under certain ecological 
conditions. 

n. SUCCULENCE 

A characteristic of a large number of halophytes 
is the abnormal development of parenchymatous 
tissue which brings about the appearance known 
as succulence. (Parench 3 anatous tissue has been 
called internal water storage tissue, and it develops 
from the h 3 rpodermis or tissues beneath; although 
this may remain a convenient term it would no 
longer be correct in every case to regard its func- 
tion as that of water storage.) The condition of 
succulence has attracted the attention of morpholo- 
gists in the past but only recently are we beginning 
to understand this problem. Various workers 
(Batalin, 1886; Lesage, 1890; Holtermann, 1907; 
Chennezon, 1910; KeDer, 1925; Schratz, 1934) 
have all shown that there is a relation between the 
amount of sodium chloride present in the environ- 


ment and the degree of succulence (total water 
content /superficial surface). Althou^ it is pos- 
sible that excess of sodium chloride is mainly 
correlated with the development of succulence in 
halophytes, it must not be forgotten that the phe- 
nomenon can be induced by other means and that 
in nearly every case a proportion is determined 
genetically. Succulence, for example, has been 
produced in Tradescantia by nitrogen starvation 
(Chapman, 1931), while Pearsall and Ewing (1929) 
have been able to bring it about by employing ex- 
cess nitrogen. Succulence is also a prominent 
feature of certain desert plants, and here there is 
evidence to show that it is related, in those species 
investigated, to a peculiar form of metabolism, 
known as acid metabolism. This acid metabolism 
is not a common feature of halophytes although it 
is known to occur to some extent. 

Experiments carried out by van Eijk (1939) have 
shown that the degree of succulence in Salicornia 
herhacea agg. is determined largely by the Cl“ ion 
independently, to some extent, of the other cations 
to which it is attached. It is true that as long ago 
as 1928 Stocker had expressed the view that the 
development of succulence was due to the action of 
specific ions rather than to changes of osmotic 
pressure, but no quantitative work appears to have 
been done until van Eijk^s study. This is of such 
importance that it is perhaps worth while reproduc- 
ing the data (Table 1). 

If the operation of the different cations (upper 
half of table) is compared, it will be noted that the 
Cl“ ions have a distinct effect upon succulence in 
comparison with the NO 3 ” and SO 4 " ions. Sodium 
chloride, however, appears to operate in a special 
way, because a very high concentration e.g. 
mols., produces a large effect on the degree of suc- 
culence, although there is a considerable degree of 
variation: this phenomenon is also suggested in 
mixtures with potassium chloride, calcium chloride 
and sodium sulphate where there is a high propor- 
tion of sodium chloride. Apart from the Na"^ ion 
it seems that the Ca^ ion also may have an effect 
uponsucculence, because it produces a considerable 
increase at mols. concentration, though here 
again the degree of variation is considerable. We 
may note too that the degree of succulence is 
raised by the NOs” anion When mixed with Cl”, 
especially when the former is in excess, so long as 
sodium is the cation. The S 04 “ anion, however, 
has a marked depressant effect either alone or in 
combination with Cl” ions. The importance 
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these results lies in the emphasis that has to be laid 
on the combined effect of the individual ions, and 
it is dear that future work on the haloph 3 rtes must 
depend largely upon more detailed studies of the 
ions and their effects. This is a point that will be 
referred to later, but some surprise may be ex- 
pressed that this important phenomenon in the 
halophytes has been more or less overlooked during 
the last twelve years. At present it is not dear 
exactly how the ions, either alone or in combina- 
tion, achieve their specific effects; it is possible 
that they have some effect upon the biocoUoids in 
the cell walls, and future work might well be turned 
in this direction. Another possibility is that the 


that there was no great change in succulence as the 
concentration of G*" ions increased. There is some 
evidence, however, that the leaves of mangroves 
are more succulent under certain conditions (Wal- 
ter and Steiner, 1936; Holtermann, 1907). 

Before leaving the problem of succulence we may 
refer again to the possibility that add metabolism 
may in certain cases be concerned in promoting 
succulence in haloph 3 rtes. At present far too few 
examples have been investigated for us to make 
dogmatic statements about the cause of succu- 
lence. Plants, in which a high concentration of 
certain ions is suspected of being the causal factor, 
when grown under conditions in which the ions are 


TABLE 1 


Degree ef suecuUnce in Salicomia herbacea grown in different salt solutians* 


COHC. IK 

mols./utu 

N*C1 

KCl 

CaCls 

MgCli 

N&NOi 

NaiSOi 


33d= 1.0 

33 

db 

1.0 

33 ±1.0 

33 ± 1.0 

33 ± 1.0 

33 ± 1.0 

1/12 

36:k 1.5 

39 

=4: 

1.2 

40 ± 1.0 

41 ± 1.4 

36± 1.8 

36 ±0.9 

2/12 

39=4:2.1 

29 

± 

1.2 

47 ± 3.0 

42 ± 1.4 

37 ± 1.7 

— 

4/12 

45 ± 1.2 

42 


1.0 

— 

45 ±2.0 

34± 1.2 

36 ±0.3 

6/12 

43:4= 1.1 

43 

± 

1.1 

— 

— 

— 

... 

8/12 

51 =b4.0 

42 

± 

1.0 


— 

— 

— • 


raopoRTioN or 

MDCTUREB** 

NaCl/KCl 

Naa/CaCli 

NaCl/MgCli 

NaCl/NaNOi 

NaCl/NaiSOi 

1 

[3:1 

52 ± 5.3 

47 ± 1.3 

44 ± 2.3 

43 ±2.0 

46 ±2.2 

4/12 i 

1:1 

47 ± 4.2 

46± 1.7 

— 

— 

— 


[l:3 

47 ± 2.8 

42 ±1.9 

46± 1.5 

48 ± 4.3 

41 ±1.7 

8/i2 j 

f3:l 

46±2.1 



.... 

... 

.... 

tl:l 1 

44db2.6 

— 

— 

— 

— 


* There was also a basic culture solution from which these salts were otherwise absent. 
** Basic value 33 :±: 1.0 in pure culture solution. 


devdopment of mucilages in the plant cells may be 
correlated with the presence of the ionized salts. 
Van Eijk (1939) very i>ertinently points out that it 
must be the accumulation of the individual ions in 
the growing parts of the plant that has such a pro- 
found effect upon its structure. This, however, is 
not the whole story. Walter and Steiner (1936) 
have diown that there is a low percentage of sodium 
chloride in the seedling tissues of Avicennia marina 
and RhUophora mucronata when on the tree, but 
that it increases rapidly very soon after the seedling 
has fallen to the ground. The present author 
working with seedlings of Avicennia nitida, Lagun- 
cularia racemosa and Rhixophora mangle foimd the 
same phenomenon, but a morphobgical examina- 
tkm of an age series of Avicennia seedlings indicated 


absent do not necessarily lose their succulent char- 
acter. It would seem that there is a basic degree of 
succulence, which is determined genetically, and 
that an increase in the degree of succulence can be 
super-imposed upon the genetical quantity by other 
external or internal factors (e.g. ions or acid metab- 
olism). The problem is rendered even more 
complex by the fact that such features of the 
environment as temperature may influence to an 
appreciable extent the interaction of the ions 
(Mevius, 1927). Future work should aim at 1) 
establishing the degree of succulence which is 
genetically controlled; 2) ascertaining the primary 
causes of any superimposed succulence, together 
with the effect of the environment; and 3) deter- 
mining the effect of any environmental factors. 
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m. DIF7EKENTIAL ABSORPTION OF IONS 

For some years it has been known that certain 
plants, and indeed probably all plants, do not ab- 
sorb any one electrol 3 rte in its molecular propor- 
tions but that either the anion or the cation will be 
absorbed to a greater extent. Such a process, of 
course, involves maintainance of the charges within 
the cell by the loss or addition of an equivalent 
quantity of other ions of the opposite sign to the 
ion concerned. It is evident that the work on this 
aspect, together with the results of van Eijk on the 
effect of different ions, reopens and enlarges the 
vista surrounding the halophytes. Even more 
important, however, will be the concentrations of 


ride because of the great excess of this salt in sea 
water (Fig. 1). One feasible explanation that 
offers itself is that the sodium and (^ride ions are 
held to different extents by the soil colloids and 
that the sodium ions are more tenaciously bound 
than the chloride (we have to assume that no 
greater quantity can be extracted by the plant 
than by the soil chemist). This may mean that 
there is a more ready supply of chloride ions for the 
plant than there is of sodium, so that theoretically 
there is the possibility that the plant may absorb 
rather more of the former than of the latter. This 
would result in a differential proportion of these 
ions in the plant tissues; as there seems to be a pre- 




Fig. 1. Total Cblobide and Chloride Equivalent of the Exchangeable Sodium in Some Soils from 

Jamaican Mangrove Swamps 


the various ions within the plant tissues, because 
upon these will depend the nature and quantity of 
any more that may be absorbed. If we take our 
analysis yet further we ought to consider whether 
the ions are present in the sap or the cytoplasm of 
the individual cells. There is thus a whole chain 
of inter-relationships about which relatively little 
is known. The present author has shown (1939, 
1940 and in prep.) that among the salt marshes of 
Norfolk and New England and in the mangrove 
swamps of Jamaica the amount of exchangeable 
sodium in the soil (estimated by a standard method 
of soil analysis) will not account by any means for 
the total quantity of chloride available, though in 
such soils we must suppose that the bulk of the 
diloride will be present originally as sodium ddo- 


disposition for chloride ions to be more readily 
available in the soil water than sodium so one 
might expect that the effect produced by the for- 
mer would be more evident than that produced by 
the latter. The problem is not quite so simple. 
There is no evidence that the plants absorb the two 
ions in the same proportions that they are available 
in the soil: the current evidence all points to the 
contrary. Analyses of soils and portions of plants 
(whole tissues) of Avicennia nUida showed that 
though in both cases there was an excess of total 
Or ions over the amount that theoretically jdiould 
be present as sodium chloride (based on analyses of 
exchangeable sodium), nevertheless the excess was 
appreciably smaller in the case of the plant organs. 
This fact resulted in a complete lade of correlat 



296 


THE QUARTERLY REVIEW OF BIOLOGY 


between the ion contents of the soil and correspond- 
ing plant tissues over a range of habitats, but the 
explanation of this phenomenon may well be that 
suggested above (Fig. 2). The reverse was found 
in the case of Sdicomia herhacea because there was 
a greater excess in the plant tissues as opposed to 
the soil in which the plants grew (Fig. 3). We may 
note that Salicornia with the greater excess of Cl" 


method used in analysis of total Cl: uranyl zinc 
acetate method in obtaining amount of exchange- 
able sodium) of intemodes, rhizomes and leaves 
of two plants each of PkragmUes from a salt marsh, 
an old reclaimed salt marsh, from a fresh-water 
habitat and from an area where the reed was 
actively colonizing a salt marsh. The first point 
to be noticed is the variation in distribution in the 



I- 

Fig. 2. Relation of Total Chlokide and Chloeide Equivalent of the Exchangeable Sodium in Plant 
Tissues of Avicennia nitida Compared with the Proportions in the Soils Surrounding the Plants 


ions is a pronounced succulent, whereas Avicennia 
with a smaller excess is not; we must remember, 
however, that notl^ng is known about the other 
ions that may be present in the plant tissues. An 
investigation into the differential distribution of 
the sodium and chloride ions in plants of Phrag- 
wUes 'Communis from different habitats showed 
that the type of environment may influence the 
internal distribution of these ions. In Fig. 4 
are d^icted analyses (potassium permanganate 


various tissues, e.g. in all four habitats there is an 
excess of total Cl" in the rhizome: in some habitats 
there is an excess of total Cl" in the leaves and in 
others an excess of exchangeable Na***, i.e. there is 
more than sufiicient Na*^ ions to account for the 
total Cl" ions present. In the leaves of the marsh 
PhragmUes there is an increasing excess of ex- 
changeable Na*** ions up to the apex, whereas in the 
fresh-water plant there is no great variation but 
there is a slight excess of total Cl" in all the leaves* 
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The leaves of the colonizing PhragmUes show a 
pronounced increase in the excess of total Cl“ 
towards the apex, while in the plants from re- 
claimed marsh there is an excess of exchangeable 
Na^ at the base and of total Cl~ at the apex. The 
distribution of ions in the nodes, though not so 
spectacular, also shows considerable variation. 
In the marsh plants there is a slight excess, which 
does not vary greatly, of Na+ in the upper nodes, 
while in the fresh-water plant there is a slight excess 
of total Cl“ throughout. The colonizing plant is 
again the most interesting with an excess of ex- 
changeable Na**" ions at the base leading to a 
reversal and an excess of total Cl“ at the apex. 


commence by having a large excess of total Cl"”, but 
by the end of the year the position is reversed and 
there is an excess of exchangeable Na^ ions; simi- 
larly the considerable excess of total Cl' found in 
the rhizome of the seedling is reduced to a negli- 
gible quantity in the adult by November. Not 
only, therefore, does the environment have to be 
considered but also the season of the year and the 
plant tissue. In this particular case no data are 
available to show whether the ontogenetic drift is 
correlated with changes in the degree of succulence. 

One is forced to the conclusion that much of our 
work on the halophytes and their behavior will 
have to be repeated in the light of these preliminary 
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Fig. 3. Relation of Total Chloride and Chlortoe Equivalent of the Exchangeable Sodium in Plants 
OF Saucornia herbacea Compared with the Proportions in the Surrounding Soil 


This is not the place to consider how these results 
are related to the different environments, but they 
are important because they demonstrate the pro- 
found effect that the type of habitat may have 
upon the distribution of certain ions within plant 
tissues. Again this is an aspect about which we 
know remarkably little. 

Before leaving this subject we may refer to sea- 
sonal changes in the distribution of the Na+ and 
Cl' ions in different tissues. In Fig. 5 the annual 
drift of these two ions during the first year’s growth 
of comparable and even-aged plants of Aster Tri- 
polium shows that the leaves have an excess of 
total Cl' which gradually decreases towards the 
end of the year. The well-marked seasonal opti- 
mum in August is also worth noting. The roots 


results. Apart from the little we know about the 
behavior of the Na'*' and Cl' ions there is a con- 
siderable number of other ions which have scarcely 
been investigated in relation to their effect on 
morphology. So far we only know something 
about the effect of one or two individual ions on a 
few species, while we know much less about the 
distribution of these ions in the halophytic soils 
and hardly anything about their absoiption by the 
plants. On the other hand it does seem that an 
attack along these lines should yield extremely 
valuable information and enable us to obtain a 
better grasp of the haloph 3 rte problem as a whole. 

We may also briefly consider here the phenome- 
non of salt accumulation against a gradient and its 
effect on root respiration. In those plants where 



Fig. 



4. DismstmoN of Total Chloride and Cbloszde Equivalent of the Exchangeable Sodium in 


Plants of Phbagmites communis from Different EUbitats 
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Flo. 5. Annual Drift of Total Chloride and Chloride Equivalent of the Exchangeable Sodium in 
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there is an accumulation of one or more ions against 
a gradient work must be done if the process is to 
take place. We know that sudi an accumulation 
of so^um and chlorine does occur in halophytes 
so that we are forced to conclude that the neces- 
sary work must be done. At this point we have to 
consider two rival theories; those of Steward (1935) 
and Lttndeg&rdh (1939). The former postulates 
that the extra energy for this work is provided for 
by an increase in the general level of respiration, 
while the latter argues that there is a special in- 
crease, which he terms the ^anion respiration.’ At 
present the position is more or less fluid and further 
study of the halophytes should materially con- 
tribute towards a definite decision. It is not 
impossible, of course, that both theories may be cor- 
rect, and that what is really required is a deter- 
mination of the proportionate part that each plays. 
Van Eijk (1939) has come to the conclusion that 
the energy for salt accumulation in the roots of 
Aster Tripolium is largely provided for by an anion 
increase in respiration, though there may be a small 
cation component. This, however, represents 
results from a single species and others require 
investigation before this problem approaches 
solution. 

IV. REGULATORY MECHANISICS 07 OSMOTIC PRESSURE 

This is a problem of whidi only the fringe has 
been touched, and although both Stocker (1928) 
and Steiner (1934) have given some attention to it 
there are many features that still await investiga- 
tion. Among the halophytes, where osmotic pres- 
sure must depend to a large extent upon the exces- 
sive amount of sodium and chlorine present, three 
distinct groups have been recognized. 

1. Succulents, In this group it is supposed that 
an increase in the sodium chloride uptake is com- 
pensated for by a corresponding dilution of the 
internal solution. There must, however, be a limit 
to the amount of water that the tissues can absorb 
and store, and one would suspect that during the 
growing season there will in fact be a steady small 
increase in the osmotic pressure. Unfortunately we 
do not possess the relevant data. According to 
Stocker plants of this type will only take so much 
sodium chloride out of the soil as they can use or 
tolerate. The regulatory mechanism, however, is 
not unlimited and after a time the organ ceases to 
function: in the case of Salicornia the water storage 
tissue dries up leaving only the woody stele. This 
implies some sort of regulation of absorption, but 


there is no quantitative data in support of this 
hypothesis other than the fact that increases of 
sodium chloride in the tissues do not proceed at a 
rate comparable to corresponding increases in the 
soil. Another possibility is that there may be a 
great increase in the sodium chlorjjle content 
during the seedling stage with relatively little later 
on. This seems especially true of mangroves and 
reference will be made to it later. As examples of 
the succulent category we may quote Salicornia 
spp., Aster Tripoliuntf Arthrocnemon spp., Plantago 
maritima^ Spergularia marginata. 

2. Salt excreting forms. In this group an in- 
crease in sodium chloride accumulation is counter- 
acted by a corresponding recretion of the salt by 
means of special recretory glands, and, according 
to Stocker (1928), there is no control of uptake in 
such plants. The existence of these glands has 
been known for many years, but there is little or 
no experimental evidence to prove that the amount 
of sodium chloride recreted is in fact suflident to 
compensate for any increase due to absorption. 
Plants with such salt recreting glands are Spartina 
spp., Distichlis spicata, Glaux marUima, 

3. Plants which do not appear to have any special 
regulatory mechanism. During the vegetative 
period the osmotic pressure in the leaves gradually 
rises and reaches its maximum at the end of the 
season when the leaf dies. While this may be a 
true picture of what happens in the leaf there still 
remains unsolved the nature of the changes that 
are taking place in the perennial rhizome. It is 
hardly likely that the osmotic pressure here can go 
on rising without a limit being reached, and one 
therefore suspects the existence of a regulatory 
mechanism. 

V. THE SOIL ENVIRONMENT 

In an earlier paper on this same problem the 
present author (1936) referred to some results 
obtained by Steiner (1934), in which it was claimed 
that the osmotic pressure of the soil water in cer- 
tain New England marshes varied in such a man- 
ner that it could be correlated with the ecological 
distribution of the vegetation. The measurements, 
however, were obtained cryoscopically and hence 
must refer to all the solutes present. Recent work 
has shown that electrolytes are not available in the 
soil in their molecular proportions, presumably due 
to differential colloidal absorption, so that Steiner’s 
results, though interesting, need amplification. 
Later, Penfound and Hathaway (1938), in a study 
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of the marshlands of S.£. Louisiana, came to the 
conclusion that the zones to be observed there were 
probably controlled by the sodium chloride con- 
tent, but here again no distinction was made be- 
tween the action of Na*'' and Cl~ ions. 

Walter and Steiner (1936) working in the man- 
grove swamps of £. Africa have shown that there 
is a series of isohalines as one passes from the sea 
edge of a swamp to the bare salina behind. How 
far these gradations really control the zonation of 
the adult plants is another problem. The present 
author has investigated the same phenomenon in 


Apart from the mangroves the present author 
has given some attention to the environment of the 
salt marshes in Norfolk, £ngland, and at Lynn, 
near Boston, Mass. In both areas the total chlo- 
ride content in the different soil layers of the vari- 
ous communities fell to a minimum in the spring 
when seed germination may be expected to com- 
mence. A similar faU has been recorded from a 
saline habitat in Thuringia, where the percentage 
of sodium chloride fell from 5.2 per cent in the 
autumn to 2.8 per cent in the spring. A very 
recent study (Purer, 1942) of salt marshes near 


TABLE 2 


Percentage germination of four species after freezing 



8AUCOKNIA MUCKONATA 

SPXaOXTLAlIA MAXOXNATA 

8UAEDA MAKITDIA 

» 

PLANTAGO OUOANTB08 

Tap water 

30 

48 

80 

90 

12 

24 

5 

5 

1 per cent NaCl . . . 

28 

50 

100 

95 

6 

10 

0 

0 

2 per cent NaCl. . . 

14 

14 

52 

25 

2 

0 

0 

0 

3 per cent NaCl . . . 

2 

8 

32 

0 

0 

0 

0 


Freezing temp 

-10°C. 

-20®C. 

-10®C. 

-20®C. 

-lOX. 

-20®C. 

-10°C. 

-KFC. 


TABLE 3 

Percentage germination after 28 days 


• 

P' 

|81 

1 

II 

¥ 

SALICOKNIA 

HEKBACEA 

SUAEDA 

MAKITDIA 

JUNCUS 

MASITDfUS 

vjuiiavii 

VISDI31SV 

Tap water 

4 

45 

66 

93 

4 

50 

86 

1 per cent NaCl. . . 

32 

25 

4 

45 

0 

18 

8 

2 per cent NaCl. . . 

16 

10 

0 

36 

4 

5 

0 

Sea water (3.3 per 
cent NaCl) 

o’ 

0 

0 

38 

0 

0 

0 

5 per cent NaCl. . . 

0 

0 

0 

36 

0 

0 

0 

10 per cent NaCl. . 

0 

0 

0 

12 

0 

0 

0 


the mangrove swamps of Jamaica, and while there 
is some evidence of a series of isohalines as one 
travels up an estuary, nevertheless it seems that the 
adult plant zonation is determined very largely by 
what takes place during seedling establishment; 
here there is a whole complex of factors in which 
salinity probably does not play any major r6le. 
In the salt marsh, however, the problem is perhaps 
different: the vegetation is low-growing and often 
shallow-rooted so that the roots are more subject 
to changes that can take place in the surface layers 
of the soiL In the mangrove swamps the shade 
cast by the trees must r^uce the fluctuations in 
sioil salinity to a considerable extent. 


San Diego, California, revealed a similar spring 
minimum. This fact is of extreme importance 
because experiment shows that the seeds of many 
species will not germinate under other than low 
concentrations of salt, and it is the salinity of the 
marshes at this time of the year which must play a 
large part in determining the composition of the 
adult community and the rate of colonization. 
Stocker (1928) has pointed out that in many appar- 
ently haline areas it is only the surface layers that 
are so salt and that low values are recorded in the 
layers beneath. In such places plants are only 
kept out because seeds cannot germinate when 
lying on the surface soil where the salt content is 
high. The percentage germination of four species 
from some American marshes after freezing is 
shown in Table 2. 

Similar germination studies have been carried 
out by the present author using seeds of British 
salt marsh plants (Table 3). These were not sub- 
jected to freezing because English marshes do not 
become frozen for a month or more as they do in 
New England. 

From these tables it can be seen that the only 
s|)ecies with any tolerance (in respect of germina- 
|l>n) of excess sodium chloride is Salicornia her- 
baceay though 5. mucronata and Spergularia mar- 
ginata from America exhibit only a slightly lessee 
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degree of tolerance after being frozen. The pre- 
history of the parent plants, e.g. whether they 
grew in haline, brackish or fresh-water habitats, is 
of some importance, not only in determining the 
percentage germination but also the subsequent 
seedling growth rate (Fig. 6). In the submerged 
halophytes adventitious root formation* is depend- 
ent upon variations in salinity in the surrounding 
medium, e.g. in Zostera marina it will only take 
place over a narrow range, 1. 5-3.0 per cent, while 
in Ruppia rosteUata it takes place over a wide 
range, 0-8 per cent, so that here also different 
species exhibit different degrees of tolerance. The 
control exerted by sodium chloride over germina- 
tion is not the whole problem: not even the euhalo- 
phytes will grow in pure sodium chloride solutions, 
so that balanced media are necessary even for them. 

Returning once more to the concentration of 
sodium chloride in the soil we can note that there 
may be very definite changes in the vertical 
gradient at one or more times during the year. 
These were very pronounced in a study of an 
American marsh (Fig. 7), and such changes may be 
of considerable significance in relation to the physi- 
ology of the roots. On the whole, however, the 
tolerance of many halophytes towards excess so- 
dium chloride is much wider than may be expected 
(Penhallow, 1908; Penfound and Hathaway, 1938). 
In places where the vegetation is low-growing, rain- 
fall during the summer months may have a pro- 
found effect upon the salinity of the surface layers 
of the soil, and this in turn may be of importance 
for the roots of small annuals, e.g. Salicornia spp. 
and also those of the grasses, e.g. Puccinellia 
tnarUimay Distichlis spiccUa^ Spartina patens. A 
complex of factors is responsible for the salinity of 
the soil water at any given season, and hence it is 
very difficult to determine to what extent salinity 
itself plays a major part in controlling the zonation. 
In both Norfolk and New England there is remark- 
ably little evidence of any great variation in the 
chloride concentration of the soil water as one 
proceeds from the lower to the higher marshes, 
because such gradients as one might expect are 
frequently masked by other factors, e.g. height of 
vegetation and control of evaporation. Fig. 8, 
showing variation in salinity during June-August 
from different communities on such marshes, is 
instructive> but all the evidence slowly but surely 
leads to the conclusion that the answer is not to be 
sought so much in a study of the environment of 
the adult plants but in a study of the seedling 


stages and the process of their establishment. The 
potent factor may be the concentration of sodium 
or chlorine in the soil water at this stage, but much 
of the work will have to be repeated because we 
must know which ion is concerned. It is evident 
that detailed studies and analyses of plants during 
the young stages are the primary requirements. 

% 



Fig. 6. ErrEcx op Different Concentrations op 
Salt upon Germination of Seeds of Aster 

TRIPOUUM 

(a) Seeds from plant in fresh water habitat, (b) 
Large seeds from plant in saline habitat, (c) SmaU 
seeds from plants in saline habitat. The figures on 
the curves indicate the osmotic pressure of the solution 
in atmospheres. (After Schratz.) 

Apart from sodium chloride, however, there are 
other soU factors that merit consideration. The 
movements of the water table may be of profound 
importance in determining the distribution of cer- 
tain species. Evidence has accumulated to show 
that drainage conditions determine whether seed- 
lings of Obione portidacoides can grow in a particu- 
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lar area or not. Seedlings which are water-logged 
experimentally commonly die after a short period 
even when the operation is carried out in sUu. 
The adult plant may sometimes succumb to this 
treatment, though once plants of this species have 
passed the seedling stages they become much more 
resistant. Thb again brings us back to the great 
importance of the seedling stage, a phase which 
perhaps does not at present receive the attention 
from ecologists which it deserves. The response of 
the seedling to drainage is the principal reason that 
OHone portulacoides is commonly to be found 
fringing the banks of creeks on salt marshes, 
where it has been shown (Chapman, 1938) that the 
drainage conditions are good: on Holme marsh in 
Norfolk certain creeks have become dammed and 
converted into p>ans by a shingle fan thrown over 
the marsh by the waves. In these pans, where 
water now stands for much of the year, many of 
the adult Ohione plants have died, and the effect 
is striking when compared with the unaffected 
creeks nearby. Another species which also appears 
to be influenced in its distribution by drainage is 
Suaeda fruticosa^ whilst the occurrence of both 
Aster Tripolium and A . subulatus is primarily deter- 
mined by the concentration of sodium chloride in 
the surface soil at the seedling stage. We need to 
know far more about the biological responses of the 
individual species. Future work on the eu-and 
miohalophytes should be directed to this end rather 
than to the continued study of communities as 
such. 

We must also re<orientate our outlook upon the 
subterranean environment of plants growing in 
salt marshes and mangrove swamps. In the past 
it has commonly been thought that when the tide 
floods a marsh all the roots will be waterlogged. 
Work, both in Norfolk and America, has disproved 
this, and has shown that over the bulk of the 
marshes when there is a flooding tide an aerated 
layer persists just beneath the surface of the soil. 
This layer varies in depth depending upon a num- 
ber of different factors, e. g. type of soil (sand or 
clay), heights of previous tides, distance from 
creek, etc., but it is important to note that a very 
large proportion of the total quantity of absorbing 
roots belonging to the different species will be 
present in the aerated layer. The occluded gas 
can be extracted and analyzed, and although much 
of it may be hydrogen sulphide nevertheless there 
are measurable proportions of both carbon dioxide 
and oxygen as the following table (Table 4) will 
show. 


The most striking features are the relatively low 
values of oxygen, some of which are so low that 
respiration of the roots may be seriously affected, 
and the relatively high proportion of carbon di- 
oxide. If the soil atmosphere is in communication 
with the external atmosphere, as field observations 
suggest it must be, then diffusion and interchange 
of the gases cannot take place readily. Although 
great variations in the concentrations of carbon 
dioxide and oxygen may be recorded, it must be 
remembered that in many of the halophytic habi- 
tats the soil is so moist that the roots will be sur- 
rounded by a definite film of water and first there 
must be the solution of the gases by this film before 


TABLE 4 


Analysis cf gas extracted from the aerated layer of soil 


COMMUNITY 


Asteretum 

Asteretum 

Asteretum 

Asteretum 

Glycerio- 
Obionetum . . . 
Glycerio- 
Obionetum. . . 
Salicomietum 
on shingle 

Spartinetum 
altemiflorae . . 
Spartinetum 
altemiflorae . . 
Spartinetum 

patentis 

Distichlidetum. . 


PES 

CENT 

COt 

PEE 

CENT 

Ot 

PEE CENT EESIDUAL OA8 

2.99 

1.61 

95.4 


2.55 

0.82 

96.63 


3.26 

0.71 

96.03 


4.22 

1.42 

94.36 


1.46 

10.50 

88.04 

England 

0.93 

17.50 

81.57 


0.88 

18.30 

80.82 


1.79 

3.42 

94.79 ] 


3.23 

8.28 

88.49 

►U. S. A. 

0.58 

17.30 

82.12 


1.17 

17.30 

81.53 ^ 



diffusion into the roots commences. These figures 
lead one to suggest that an investigation into the 
respiratory behavior of the roots of salt marsh 
plants under conditions such as those above should 
yield valuable results. In the mangrove swamps 
of the West Indies one can also detect an under- 
ground atmosphere, primarily confined to crab 
burrows and the holes left by rotting roots. In 
Avicennia and Rhizophora only the ultimate ab- 
sorbing roots are exposed to this atmosphere 
because the rest of the undergrotmd systeip is pro- 
tected by a thick corky coat, but this may not be 
true of the roots in other species. The roots, 
whether protected or not, must exist in a soil 
atmosphere in which again the oxygen is frequently 
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very low and the carbon dioxide very high. Here 
also, as well as in the salt marshes, there is scope 
for further investigation. No data appear to be 
available about the soil atmosphere in xero-haline 
habitats. 

Before passing on it may be as well to refer to 
the mechanical composition of the soil in relation 
to the vegetation. The present author (1941) has 
pointed out that the salt marshes of Great Britain 
can be divided into four groups, and it has been 
suggested from superficial observation that the 
differences in vegetation are largely determined by 
the proportions of sand, clay and silt. The same 
kind of phenomenon can probably also be observed 
in the U. S. A., though perhaps to a lesser extent. 
In any case a study of the vegetation and soils 
of the Bay of Fundy, New England and coastal 
plain marshes might prove unexpectedly produc- 
tive. This is a problem, however, of which only 
the fringe has been touched, largely perhaps 
because of the magnitude of its size and the vast 
areas that would require to be covered. A major 
survey of marshes on this scale ought to be made, 
and from present indications it is dear that signifi- 
cant results would be forthcoming. 

VI. TRANSPIRATION 

Much work has been carried out on the trans- 
piration of halophytes but the results are conflict- 
ing because some workers report that they trans- 
pire at a faster rate than mesophytes and others 
that they transpire at a slower. There appears, 
however, to be no real distinction in transpiration 
rate between hygrohaline and xerohaline plants. 
There are at least two papers which indicate lines 
along which research might profitably extend in 
the future. In the one, Schratz (1935), using a 
very sensitive torsion balance and weighing 30 
secs, after cutting and again 60 secs, later, found 
that miohalophytes transpire less than mesophytes, 
but he goes on to point out that the result obtained 
depends on the unit of measurement used, e.g. 
whether it is based on fresh weight or leaf area. 
In the Jenus Plantago^ the three species P. tnari- 
Hnuif P. coronopus and P. major form a series 
occupying habitats ranging from the halophytic to 
the purely glycophytic. Measured on the basis of 
fresh weight P. major y the glycophyte, showed the 
highest transpiration rate and P. marUima the 
lowest, while using leaf area the exact reverse was 
obtained. In order to overcome this anomaly 
Schratz suggested that a new unit of measurement 


should be employed, which he called the ^*was- 
serumsatZy^^ that is, the time taken to transpire 
once the total weight of water contained by the 
plant. When a glycophyte and a succulent plant 
are exposed to desiccation for any length of time 
the transpiration of the former will drop rapidly, 
whereas that of the latter will tend to be main- 
tained. The occurrence of plants in specific envi- 
ronments is more likely to be correlated to their 
wasserumscUz than to their transpiration rate as 
measured at a given moment. For the purpose in 
hand, therefore, the wasserumsatz would seem to 
be the best imit so far devised. The present writer 
is not aware of any application of this new basis, 
and one of the desiderata of the future should be 
its utilization in comparing the behavior of eu- 
and miohalophytes in relation to glycophytes. 

The other paper to which reference must be made 
is that by van Eijk (1939) in which he shows that 
for Salicornia herbacea agg.: 1) by increasing the 
concentration of sodium chloride or calcium chlo- 
ride the transpiration rate is lowered; 2) in the 
presence of sodium sulphate a high transpiration 
rate is maintained. Some of the graphs illustrat- 
ing these points are seen in Fig. 9, and one may 
conclude from them that the more Na+ ions are 
present the greater the lowering of the transpira- 
tion rate. This effect might of course be due to 
the increasing concentration of the Cl~ ions, but 
it is worth noting that when ];)otassium and sodium 
chlorides are mixed in the proportion 3 : 1 the trans- 
piration rate is increased relative to a pure solution 
of sodium chloride of equivalent concentration. 
The S 04 “ anion seems to have the opposite effect 
and when present balances the depressant effect 
of the Na"^ ions. Although Stocker (1928) had 
suspected that the transpiration of halophytes was 
controlled to some extent by the action of specific 
ions, these are the first quantitative data to be 
secured. These results are very imik>rtant because 
they show that the transpiration of all plants from 
haline habitats will have to be re-studied from this 
point of view. Not only may the individual ions 
exert a direct effect but even more important will 
be the effect of the interaction of all the ions 
present. 

Rather less evidence is available about both 
assimilation and respiration. Sodium chloride has 
a marked depressant effect on both processes in 
glycophytes, and also causes considerable depres- 
sion in Honckenya peploides (aero-haloph 3 rte), but 
much less in Salicornia (Neuwohner, 1938). In 
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the case of assimilation it has been suggested that 
it is associated with disorganization of the chloro- 
plasts and cell membranes (Montfort, 1926, 1927), 
but further study is required in order to analyze the 
effects of the individual ions. 

vn. SEEDLING STAGES 

Montfort and Brandrup (1927), Schratz (1934) 
and van Eijk (1939) have all studied the effect of 
sodium chloride upon the germination and growth 
of seedlings of certain salt marsh plants. In the 


however, the previous history of the parent plant 
(e.g. type of locality in which it grew) may 
have a considerable influence upon subsequent 
growth of the seedling. We may note also 
that with increasing concentration of sodium 
chloride there is an increase in the death rate 
among the seedlings, but this is to be expected. 
Apart from the effect on germination van Eijk was 
able to show that the Cl*“ ions, together probably 
with certain other cations and anions, exerted a 
controlling influence upon the form and develop- 
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Fig. 9. The Effect of Different Concentrations of Solutions of Various Salts upon the 
Transpiration Rate of Saucornia herbacea (After Van Eijk.) 


case of Aster Tripolium it was found that optimum 
conditions for seedling development lay between 
fresh water and 0.39 per cent sodium chloride, and 
this has also been cohflrmed by the present writer. 
Aster *suhulatiis from the American east coast 
marshes is even less tolerant of sodium chloride. 

Montfort and Brandrup and van Eijk have also 
studied seedling development in Salicomia her- 
bacea, and they find that the optimum conditions 
for growth lie between a concentration of 2.0 and 
2.5 per cent sodium chloride. In some species. 


ment of the plant. This influence could not be due 
to the increasing osmotic pressure of the medium 
because in a series of solutions of sodium sulphate 
the osmotic pressure rose from 5-16 ats. without 
bringing about any effect. Above a concentration 
of 2 per cent sodium chloride the Cl~ ion appears 
to be a limiting factor. Genemlly speaking Na'*' 
seems to be the most favorable cation for growth, 
though it may also be promoted at low concentra- 
tions by increases in either Mg^^ or NOi” ions. 
In nature, however, many euhalophytes, and prob- 
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aUy aU miohalophytes, are to be found growing in nia marina was much lower than that of the parent 
areas where the percentage of sodium chloride in tissue surrounding them and also of ordinary sea 
the soil water is more than optimal, although one water. In passing from the seed coat to the seed 
must also consider interaction among the various there was a transition from a region of high to one 
ions. The occurrence of such plants under sub- of low osmotic pressure, and it was suggested that 
optimal conditions must be regarded as a result of the necessary negative absorption pressure oc- 
competition with other species in those areas where curred in the cotyledonary haustoria. A physio- 
the sodium chloride concentration is nearer their logical investigation should be able to show to what 
optimum. They do not grow in these places extent this hypothesis is correct. Complete seed- 
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Fio. 10. Changes in Total Chloside and CHLOxmx Associated with Exchangeable Sodium in a 
Sebies oe Seedlings of Lagunculasia bacemosa 


because the conditions are such that the other 
species are also able to flourish and dominate the 
vegetation. 

There are still problems concerned with man- 
grove seedlings though these are to a large extent 
physkdogical rather than ecological. In 1936 
Walter and Steiner discovered that the sodium 
dfloride content of complete seedlings of Rhiz<h 
phora mucronata^ Ceriops CandoUeana and Avicen- 


lings and portions of seedlings of Rhizophora man- 
gkj Laguncularia racemosa and Avicennia nUida 
were analyzed by the present writer and the same 
phenomenon observed. In the last two species 
there was a shaip rise in the Cl~ content in the 
tissues as soon as the seedling had fallen to the 
ground (Fig. 10). It may be suggested that the 
rate of absorption of the sodium chloride is very 
high in prop>ortion to the total dry wei£^t of the 
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plant while it is still young, and that the rate 
subsequently falls oS, or else that later a mecha- 
nism develops which controls the absorption of the 
and Cl~ ions. Such a mechanism might well 
be concerned with the development of the char- 
acteristic periderm, but here again we are in the 
realm of h 3 qx)theses. The vista is there but it 
can only be trod with the aid of a study in physio- 
bgical anatomy. 

Vm. ANATOICY 

One cannot do more here than refer briefly to 
some of the niunerous problems that still await 
attention. Many of the genera possess structures 
that are said to be either salt recreting glands 
or else hydathodes (Statice, Glaux, Spartina^ Limo- 
niumy Avicennia). The morphology of these or- 
gans is well known, but the evidence for their 
fimction is far too often one of supposition or 
analogy, and it would be well if they could be sub- 
jected to experimental treatment. Another struc- 
ture that offers considerable possibilities is the so- 
called lenticel hydathode which can be found in the 
leaves of Avicennia nitida. What stimulus is 
responsible for its development? What is its true 
function? What are the causal factors behind this 
type of periderm formation in leaf tissues? All 
these and a host of other questions leap to the 
mind. Further anatomical study may lead to 
some advance, but experiments along the paths 
laid down by Priestley in 1922 are more likely to 
yield the correct answers. 

There is also the aerenchymatous tissue that is 
such a feature of many halophytes. We are begin- 
ning to understand a little about the development 
of aerenchyma, thanks to studies such as those of 
Sifton (1940) and McPherson (1939) on Zea and 
Thea groenlandicum. So far, however, no one has 
investigated experimentally the problem of aeren- 
chyma in the halophytes. Is it associated with 
lack of calcium salts, inadequate oxygen supply or 
too high a percentage of water in the soil? An- 
other problem is the development of cork in the 
pneumatophores of the mangrove genera Brughieray 
Sonneratia and Avicennia. Here again more excel- 
lent material is available waiting to be used in an 
experimental investigation. 

DC. AUTECX)LOGY 

Really adequate autecological studies of indi- 
vidual species are extremely rare; nevertheless no 
major advance in our knowledge of haloph>tic 


vegetation will come until we are in a position to 
understand the life history, anatomy and reac- 
tions of individual species. This point was 
stressed in an earlier review (1936) and the need 
is still present. In 1936 1 attempted to put to- 
gether what was then known about Salicamia 
herhacea agg., though this was hardly satisfactory 
in view of the systematic confusion of the species. 
Since that time some work has l^een carried out on 
Asier Tripolium and A. subulatus, while we also 
know something about the biology of Obione portu- 
lacaides. The two halophytic species about which 
most is known are probably Sonneralia alba and 
Avicennia nitida. In both cases their morpho- 
logical development has been studied and also 
their environment. 

It has been shown (work now being prepared 
for publication) that Avicennia nitida can grow in 
a great variety of soils under a wide range of condi- 
tions; it is therefore an extremely tolerant species. 
It is largely on account of this tolerance that it 
occupies such extensive areas among the mangrove 
swamps of the New World. The available evi- 
dence suggests that the vertical distribution of the 
species on the shore is controlled primarily by the 
periods of non-tidal exposure (a period of two or 
more days during which no tide floods the area), 
together with indirect effects related to such pe- 
riods, at the time of seedling establishment. We 
are not in a position to be quite so dogmatic about 
Sonneratia. While non-tidal exposure may ac- 
count for the local occurrence and vertical range 
of Avicennia, J. H. Davis (1940) has pointed out 
that its geographical spread north and south is 
probably controlled by the incidence of billing 
frosts or of temperatures below 25®F. 

In the case of Obione portulacoides we know very 
little about its seedling development, except that 
water-logging is inimical and that therefore it is 
conunonly restricted to areas where drainage is 
good, e.g. along the banks of salt marsh creeks or 
on sandy marshes. Two varieties of this species 
are to be found in Great Britain, and their distribu- 
tion is probably correlated with certain soil condi- 
tions. It is also possible that the northern limit 
of this species in Great Britain is related to the 
average monthly isotherms. 

Aster Tripolium exists in. Great Britain in two 
forms, a rayless variety, var. discoideus, and the 
normal plant with purple rays. The distribution 
of the rayless form is very restricted compared to 
that of the rayed as it appears only in southern 
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England and at Yard in Germany. The northern 
limit of the variety may be limited by the average 
monthly isotherms, though it is possible that it is 
still slowly spreading northwards. It has already 
been mentioned that the local occurrence of Aster 
TripoHum is controlled by the salinity of the soil 
surface in the spring when seed germination takes 
place. Once this species is established in a new 
area, however, further colonization takes place by 
disintegration of the dusters, the original rhizome 
commonly dying after two to three years. As the 
adult plant does not appear to be so sensitive to high 
salt concentrations it is able to invade areas other 
than that in which it started through vegetative 
propagation, and its spread to lower marshes by 
this means is probably controlled by the amount of 
submergence to which the plants are exposed rather 
than salinity. Aster also responds very remark- 
ably to grazing «as may be seen from plants on 
grazed marshes. 

One cannot work on salt marshes without appre- 
ciating one fact of major importance, namdy, that 
certain conditions may be necessary for the estab- 
lishment of the individual species, but once they 
have arrived in an area further spread takes place 
steadily by vegetative means, e.g. PuccineUia 
maritima^ Aster ^ Spartinay Triglockin. In any 
autecological study we have to consider two groups 
of factors which can control spread: a) those 
controlling the appearance of the species and b) 
those determining its subsequent spread. Gen- 
erally these may be expected to show some dif- 
ference. 

X. GENETICS AND DISTRIBUTION 

Some halophytes would seem to form extremely 
valuable material for genetical studies in relation 
to environment and geographical distribution. A 
paper by Gregor (1939) on the maritime sea plan- 
tains and their related alpine forms emphasizes 
this point. Gregor has been able to show that the 
North American, Greenland and North European 
maritime i^cies are all diploid and that they can 
be regarded as forming, together with the diploid 
alpine species, one inter-fertile group or ecospecies 
(by an ecospecies Gregor means a population with 
an inherently low capacity for exchanging genes 
with other populations of its coenospecies). This 
group stands in contrast to the tetraploid alpine 
spedes which form another inter-fertile group or 
ecospecies. In the diploid maritime species only 
one abrupt transition is found,, namely, the North 


American and Greenland forms are seU compatible 
and typically have four seed capsules whereas the 
European plants are incompatible and have two 
seed capsules. In their other characters the so- 
called species overlap, although they frequently 
show a gradient related to (a) type of habitat in 
any region; (b) the transition from one geographi- 
cal area to another (Fig. 1 1). The ecospecies may 
also be subdivided according to certain characters 
that occur locally. Iversen (1936) has pointed 
out that in ecospecies Plantago maritima on Danish 
marshes there are at least two varieties, vars. sub- 
glabra and pilosa. The former has a glabrous scape 
and grows on moist marsh soil and flowers during 
June and July, while the latter, which has a hairy 



Fig. 11. Gradation in Certain Characters among 
THE Maritime Sea Plantains from Different 
Regions or Types of Habitat 
(After Gregor.) 

scape, occurs on dry sandy soil and blooms from 
July to October. Iversen also noted that var. 
subglabra could be segregated into two forms: there 
was the normal plant which bloomed in July and 
there was also an early blooming F. praecox that 
flowered in June, and which, because of its pre- 
mature flowering period, was not able to hybridize 
with var. pilosa. Forma praecox was also interest- 
ing because it grew in areas where marsh hay grass 
was cut, and it is possible that annual mowing has 
gradually selected out this early blooming form. 
Since marsh grass is cut in other parts of the world 
it would be of interest to ascertain whether there 
are other species which have responded similarly. 
Armeria maritimay for example; is a species which 
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might amply repay study in this respect since it is 
highly polymorphic and occurs on mountains and 
in salt marsh and other maritime habitats. Four 
varieties or races have already been distinguished; 
var. maritimaj which has slightly fleshy leaves, var. 
intermedia^ var. eUmgata, which is the alpine form, 
and var. salina from the Baltic. In Germany, Hol- 
land and Scandinavia segregation of these forms 
has taken place and each appears to possess a defi- 
nite ecological significance. It would be well 
worth while stud)dng this species in other countries 
where it occurs, employing for the purpose an 
extensive series of transplant experiments. Once 
again only the fringe of the problem has been in- 
vestigated and an enormous field awaits the future 
investigator. 


these two groups live under very different condi- 
tions, many of the species being restricted to either 
one or the other t)rpe. The segregation in the 
American marshes is not so obvious but more data 
would be desirable. Among the numeroas sub- 
sidiary factors, which are related to the tidal 
movements, are the actual number of submergences 
per month, the hours submerged in daylight and 
the maximum periods of non-tidal exposure, this 
last item being of great importance depending on 
the time of year when it occurs. It is probable 
that each individual species living on a marsh is 
controlled to some extent by one or more of these 
factors, but until an attempt has been made to 
investigate their effects along experimental lines 
we shall not make much progress. So far, perhaps 


TABLE 5 


Analysis of tidal phenomena in swamp near Kingstony Jamaica 


VEGETATION 

LEVEL (AEBITSAEY 
DATUM) 

NUMBER OF 
SUBMERGENCES 
PER^INUM 

MONTH OP 
GREATEST 
SUBMERGENCE 

MAXIMUM 
PERIOD OF 
NON-TIDAL 
EXPOSURE 
(Days) 

SEASON OF MAXIMUM PERIOD OF 
NON-TIDAL EXPOSURE 

Lagunctdarial Conocar- 
boundary 

1.57' 

4 

October 

339 

November-September 

Centre of salina 

1.21' 

150 

October 

125 

December-March 

A vicennial Laguncvlaria 
boundary 

1.14' 

213 

October 

no 

Mid-December-March 

Avicennia swamp 

0.84' 

432 

September 

52 

January-February 

A vicennial Rhigophora 
boundary 

0.60' 

524 

August 

10 

January ^ 

Rkizophora swamp 

Below 0.60' 

530-70(H- 

— 

0-10 

— 


XI. TIDAL PHENOMENA 

Although this is perhaps one of the major fac- 
tors which operates where halophytic vegetation is 
to be found, it has deliberately been left to the end 
of this review because on the whole less is known 
about it than any other factor, and also it is so 
involved with subsidiary factors that it is well-nigh 
impossible to distinguish their effects. An analy- 
sis of the tidal factor has only been carried out for 
two sets of marshes in America Qohnson and York, 
1915; Chapman, 1940), for one series in England 
(Chapman, 1938) and for some mangrove swamps 
in Jamaica (Chapman, in prep.). These analyses, 
however, have been suflScient to indicate some very 
important features, and it is highly desirable that 
this type Of work should be extended to other areas. 
In England the salt marshes of Norfolk can be 
separated into two well-marked categories, the 
upper and the lower marshes, and the plants on 


because of the magnitude of the problem and its 
complexity, no such attempt has been made. The 
problem in the mangrove swamps is of a slightly 
different nature because here submergence does not 
apply to the whole plant but only affects the roots 
and pneumatophores. One is apt to believe that 
most mangrove swamps are regularly inundated by 
the tide, but an actual anal 3 rsis of the conditions 
produces results that are somewhat astonishing. 
Table 5 records the principal results of an analysis 
of the tidal phenomena in a swamp near Kingston, 
Jamaica. 

Although the maximum tidal range is about one 
foot, a small rise or fall in level brings about pro- 
found changes in the number of submergences and 
in the maximum period of non-tidal exposure. 
The latter is particularly important, and it would 
seem evident that in the past insufficient attention 
has been paid to this factor, especially in its effect 
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on seedlings during the critical period of their 
establishment. 

Apart from the effects of the tide upon the 
growth of the plants during their life there is also 
a mechanical effect which up to the present has 
only seriously been investigated for one species. 
Wiehe (1935) has shown that on the salt marshes of 
the Dovey, where the soil is sandy, the incidence 
of high tides during the first three days after germi- 
nation may uproot a very high proportion of the 
Salicomia seedlings and hence seriously modify the 
annual distribution of the adult plants. Such an 
effect, of course, will only tend to operate in loose 
soils, i.e. soils with plenty of sand or shingle present 
or else composed of soft ooze. This mechanical 
effect is a feature that should be studied in man- 
grove swamps in relation to the distribution of the 
seeds and viviparous seedlings. The present au- 
thor believes that it may have a significant effect 
upon the rate of colonization of an area by either 
Avicennia nUida or Laguncularia racemosa, 

Xn. CONCLUSIONS 

The main purpose of this essay has been to sum- 
marize the more important recent contributions 
about the halophytes with the object of indicating 
the lines along which future development might 
be expected to be most profitable. The term 
^halophyte’ may be used in a general sense to 
include all plants which can tolerate more than 
0.5 per cent sodium chloride, but those plants 
whidi are restricted to habitats where there is more 
than 0.5 per cent sodium chloride or whose optimal 
development takes place under such conditions 
should be termed ^euhalophytes.’ The term ‘mio- 
halophyte’ should be applied to those plants which 
are often found in haline habitats but whose 
optimal growth takes place under conditions where 
there is less than 0.5 per cent sodium chloride. 
Any plant which normally grows imder glycophytic 
conditions but which, nevertheless has some resist- 
ance to excess salt can be otlled a lialo-glycophyte.’ 

The recent advances have been considerable and 
tiity demand radical changes in our future ap- 
proadi to the problems. In particular the effect 
of individual anions and cations on succulence, 
growth and transpiration mean that much of the 
past work will have to be repeated in the light of 
this new knowledge. There is also the differential 
adsorption of the ions in the various types of haHne 
soils, a&out whidi remarkably little is known, 
while an associated phenomenon is the differential 
absorption of ions by the roots of the plants. 


Here too an almost virgin field awaits the investi- 
gator. Much still remains to be solved concerning 
the regulatory mechanisms of osmotic pressures in 
the halophytes, especially in those spedes where 
there is apparently no controlling mechanism. 
One of the more urgent problems demanding atten- 
tion is a study of the factors controlling establish- 
ment and development of the seedlings of halo- 
phytes, together with the biochemical changes that 
take place in the developing tissues in relation to 
the accumulation of salts. This is not only of 
importance on general ecological grounds but it is 
essential in any autecological study. 

The relation of the halophy tic vegetation to soil 
types and soil characters, both physical and chemi- 
cal, is a subject upon which we are^ woefully igno- 
rant; such indications as there are suggest that a 
detailed study of this feature would add very con- 
siderably, not only to our understanding of the 
local distribution of the different communities, but 
also to a more general appreciation of the different 
seres that are to be found around the coasts. 
There is still a serious gap due to a lack of adequate 
autecological studies, and it seems clearer than ever 
that there is little hope of any great advance until 
we study each individual species in detail. In the 
past the halophytic vegetation and the serai suc- 
cessions have often been regarded as forming a 
relatively simple problem because of the great 
influence ascribed to sodium chloride. We are 
slowly beginning to realize the falsity of this posi- 
tion, and that we are really dealing with a bewilder- 
ing complex of factors which results in successions 
that are as complex as any in ecological literature. 

One of the environmental factors that would 
certainly repay more detailed investigation is that 
of non-tidal exposure, and its effect upon the indi- 
vidual plants at different stages of their life his- 
tory. There are still anatomical features that 
have been given causal explanations in the past 
without any experimental proof, and such a posi- 
tion cannot be tolerated today. The euhalophytes 
and miohalophytes form excdlent material for the 
application of experimental methods towards the 
elucidation of the functions of distinct anatomical 
structures, together with the interaction of the 
factors that are responsible for their development. 

Much of what has been said applies more par- 
ticularly to those halophytes which grow in the sea 
or on or near the shore. There is still a consider- 
able population whidh inhabits inland haline seas 
and deserts. Conditions here are very different 
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from those on the sea-shore, and such plants and 
communities will require independent study. At 
present there are numerous descriptions of such 
halophytic communities and their component spe- 


cies^but hardly an 3 rthing is known quantitatively 
about their environment. 

I am much indebted to Mr. G. E. Briggs, F.R.S., for 
his stimulating advice and criticism. 
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THE DETERMINATION OF THE CASTES OF 
SOCIAL INSECTS 

By S. F. LIGHT 

Department of Zoology^ University of Calif omia^ Berhelty 


P olymorphism in the social insects and 
the history of the search for its causes re- 
ceived masterly treatment by Wheeler in 
his book, The Social Insects (1928). Since 
then there have been several attempts at 
experimental solutions of the problems of caste 
determination. The data thus far obtained are 
meagre, however, and statistical in nature, and it 
is obvious that data derived from experiments on 
social insects under laboratory conditions are espe- 
cially difficult to evaluate. Because the problems 
of caste determination are of general biological 
interest and far from being solved, there has been 
a tendency to present conclusions despite paucity 
of evidence, and some of these conclusions have 
passed into the literature, although later findings 
have not substantiated them. Nevertheless, con- 
sidered apart from these conclusions, the evidence 
obtained durmg the period since 1928 has shown a 
consistent trend. Until recently Wheeler had re- 
mained neutral with regard to theories of caste 
determination. In 1937, however, he undertook 
the defense of a position which is not in line with 
the trend of recent evidence or opinion. The time 
seems ripe, therefore, for a survey of the subject. 

The fifteen years since Wheeler’s book have seen 
marked advances in appreciation of the nature of 
the problems involved in caste determination. It 
must be emphasized, however, that in so far as the 
ants and the termites are concerned, only a begin- 
ning has been made toward the solution of these 
problems. Indeed, I feel it necessary to emphasize 
that the published researches of this period, as well 
as my own unpublished results, serve most impor- 
tantly to emphasize the difficulties involved, 
especially as to laboratory methods and the analy- 
sis and interpretation of results. Further advances 
will depend largely upon the development of ade- 
quate methods of culture, rigorous scientific con- 
trols, and the application of suitable methods in 
evaluating the type of data resulting from such 
eiperiments. According to Goetsch (1936), the 
ideal approach is through the use of isolated indi- 


viduals, and no doubt every effort should be made 
in this direction. But it is indeed a question 
whether the method is a feasible one with social 
animals. The individuals of an insect society are 
so highly interdependent (Emerson, 1939a, b) that 
the attempt to maintain and study them in isolation 
involves many of the difficulties ^countered in iso- 
lating the organs or the cells of complex individuals, 
and, in addition, some which we call psychological, 
for lack of a more revealing physiological term. For 
example, C. S. Lafleur tells me {in lilt.) that many 
ants when kept in isolation exhibit symptoms of 
extreme nervous agitation and, unless given com- 
pany, die very shortly, as a result of nervous 
disturbance. To such obstacles to the study of 
social insects must be added those arising from 
cannibalism, endemic and epidemic bacterial dis- 
eases, and attacks of mites and fungi. Finally, 
there are the difficulties encountered in attempting 
to control moisture for organisms extremely de- 
pendent upon such a control, but accustomed at the 
same time to relatively great diurnal and annual 
shifts in temperature and helpless individually, or 
even in small groups, to effect such control. Con- 
trol of factors and evaluation of their influence on 
experimental results must be accomplished by the 
student of caste determination, at least in the 
termites, when he seeks to use isolated groups, let 
alone isolated individuals, as controls and experi- 
mentals. If these problems are to be solved, they 
must be approached with full realization of the 
difficulties to be surmounted. 

The general problem presented by the polymor- 
phism of the social insects is, of course, the nature 
of the mechanisms which function in each genera- 
tion of each species to cause the offspring of the 
same parents to develop, in relatively constant 
numbers, into several different types of individuals 
which possess the special morphological features 
and behavior patterns characteristic of the particu- 
lar caste^ in the particular species, features corre- 
lated with the performance of special functions in 
the communal life. 


CASTES OF SOCIAL INSECTS 


313 


There is plenty of evidence from the effects of 
parasitism to indicate that the ants are capable of 
responding very strikingly to purely somatic 
influences (Wheeler, 1928). Instances of the 
effects of parasitism on the development of individ- 
ual termites are relatively few, but these few are 
striking. For example, certain peculiar individuals 
in Philippine colonies of the common mound-build- 
ing termite of the Malayan region, Macroiermes 
plvuSy were described by Silvestri (1926) who 
showed them to owe their special characteristics to 
the effects on their development of a parasitic fly 
larva which develops in the head of the infested 
termite. I had encountered these individuals 
earlier and had designated them in my notes as 
“X caste” because of their structural differences 
and especially because of their distinctive behavior. 
They are larger than any other apterous individuals 
and attract attention by their rapid nervous move- 
ments. For all their differences it seems improb- 
able that anyone would feel the need of postulating 
a special genetic mechanism to account for them. 
Yet these fly-infested individuals reach a terminal 
stage characterized by fairly definite size and dis- 
tinct structural and psychological features. If 
they were present in all colonies, and in relatively 
stable numbers, they would almost certainly be 
considered a special caste, especially so if they per- 
formed some special function in the colony. As it 
is, they are to be considered as anomalous forms, 
and fall outside the field of our discussion except 
as they may serve to indicate the enormous range 
of differences between individuals of the social 
insects which may result from the influence of non- 
genic factors. 

All modern students admit a genetic basis for the 
features of the different castes. The real problem 
is, therefore, whether the genetic factors determin- 
ing the appearance of the different castes are 
segregated to certain individuals, which are 
thereby determined to become the particular caste, 
or whether, on the other hand, all individuals 
possess the complete genic complex, which would 
permit them to develop into any one of the castes 
(except in so far as sex determination is involved 
in the Hymenoptera). 

It is obvious, of course, that the polymorphisms 
of orders so widely separated phylogenetically as 
are the Hymenoptera and the Isoptera (the ter- 
mites) must be separate evolutionary achieve- 
ments. Indeed, the arguments for separate origins 
of social habits in different groups of the Hymenop- 


tera, the wasps, bees, and ants (Wheeler, 1928) are 
difficult to escap>e. Accepting the independent 
origin of polymorphism in wasps, bees, ants, and 
termites, it follows that findings with regard to one 
group have only the value of analogy when applied 
to the other. The argument from analogy does 
have its values, however (see Emerson, 1939a, p. 
199), particularly when the proven facts with re- 
gard to some of the groups agree with the trend of 
the evidence in the others, as will be seen to be the 
case. 

CASTES IN THE SOCIAL HYMENOPTERA 

Social habits have originated several times 
among the wasps and bees and many species of 
each group are still solitary. The social habits of 
the ants are much more ancient than those of the 
wasps and bees and have undergone a multifarious 
evolution within the group (Wheeler, 1928, p. 173). 
Ants are all social and it must be supposed that 
they derive from a social ancestral stock. 

Determination of the castes of the social Hy- 
menoptera obviously includes two sharply distinct 
sets of problems. On the one hand are the prob- 
lems arising out of the strong differences between 
the two reproductive castes, problems tied up, 
therefore, with sex determination. On the other 
hand are the very different problems which arise 
from the universal occurrence of distinct sterile 
castes, all individuals of which are female. 

DETERMINATION OF THE REPRODUCTIVE CASTES 

Strikingly different in structure, behavior, and 
r61e in the colony, the reproductively functional 
individuals of the two sexes of the social Hymenop- 
tera have always been considered to constitute 
distinct castes. Here, as in most animals, the 
sexual dimorphism has a genetic basis. Further, 
it is typically associated here, as in other Hymenop- 
tera, with major differences in the chromosomal 
complement, the males being haploid, the females 
typically diploid. 

That male honeybees develop from unfertilized 
eggs, and females (queens and workers) from fer- 
tilized eggs, was first stated by Dzierzon (1845) 
and long defended by him, and has come to be 
known as Dzierzon’s Law or Rule (see Wheeler, 
1923, p. 139, and Whiting, 1935, p. 263), More 
recently there have been demonstrated structural 
mechanisms controlling the emission of spermato- 
zoa from the spermatheca (see Snodgrass, 1925; 
Flanders, 1939). 
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Flanders (p. 13) says, ‘‘So far as we know at 
present, the control of fertilization in the honeybee 
depends upon the ‘will’ of the queen as asserted in 
1845 by Dzierzon.” Flanders concludes, however, 
that “the sex ratio of the eggs deposited by 
arrhenotokous species appears to be largely ex- 
ternally induced” and that in the case of the 
honeybee it is determined by the size of the avail- 
able cells, drone cells being larger than other brood 
cells at the time the eggs are laid. In the parasitic 
Hymenoptera the sex ratio has been shown in 
several instances to depend upon external factors. 
For example, eggs laid by numerous parasites in 
hosts of optimum size are predominantly fertilized, 
whereas those laid in small hosts are predominantly 
unfertilized, and Flanders tells me (in liU,) that 
Coccophagus ochraceus “deposits diploid eggs in the 
body fluid of the black scale and haploid eggs out 
side of the body of the black scale.” (For refer- 
ences and discussion see Flanders, 1939.) 

The literature abounds in seeming exceptions to 
Dzierzon’s Law. However, Goetsch and Elathner 
(1937), after summing up the evidence for the ants, 
state that without exception unfertilized eggs of 
worker ants and eggs of virgin queens give rise to 
males, and Whiting (1935) says that there is no 
evidence of males of wild species arising from fer- 
tilized eggs in the Hymenoptera thus far studied. 
True bip>arental males are reported to occur, how- 
ever, in domestic and laboratory stocks (Whiting, 
1935). 

Some at least of the occurrences of seemingly 
uniparental females in the social Hymenoptera are 
known to be due to the fact that many egg-laying 
workers formerly assumed to be virgin are actually 
inseminated (Goetsch and Kkthner, 1937). 

Further indications of complexity in the genetic 
mechanisms concerned in sex determination in 
Hymenoptera derive from the common occurrence 
of sex intergrades and sex mosaics (Wheeler, 1928; 
Whiting, 1938). Bridges (1925, p. 134) pointed 
out that the mere doubling of chromosomes in the 
female could not accoimt for female determination, 
and sex determination in the Hymenoptera is now 
explained on the basis of female heterozygosity and 
the action of a series of multiple sex alleles (Whit- 
ing, 1933, 1935, 1939, 1940; Bostian, 1939). Most 
of the work has been done by Whiting and his stu- 
dents, using the parasitic wasp Hdbrobracan^ but it 
seems ^probable that similar conditions will be 
found to occur widely among the Hymenoptera. 
To explain the absence or veiy low incidence of 


biparental males, Whiting (1935) mentioned their 
low viability and tentatively suggested a theory (rf 
differential maturation to explain genetic results. 
The same year Snell suggested that femaleness 
results from heterozygosity with regard to one or 
more of a number of sex factors on different 
chromosomes, and pointed out that the chance of 
unrelated parents giving diploid males would be 
very slight if there were five independently seg- 
regating pairs of such sex determining genes. 

Whiting (1939) proposed the theory of multiple 
alleles on the basis of the behavior of the gene fused. 
Introduced into two stocks having different sex 
factors, fused proved to be similarly linked with the 
sex gene, proving that these sex factors must be in 
a single series (at the same locus of the same 
chromosome). Bostian (1939) reported data 
indicating three members in a series of sex alleles 
thus showing Snell’s hypothesis to be very im- 
probable. Whiting (1940) reviewed the whole 
problem and later (1941) presented proof of a 
fourth member. He tells me (in liU.) that he now 
has proof of nine members of the series in his stock, 
and believes that others exbt in wild strains. 
According to this theory (Whiting, 1940a, p. 333), 
“Any heterozygote is a female, any homozygote or 
azygote (haploid) a male.” Biparental males are 
absent in crosses between unrdated strains (out- 
crosses) since the sex allele of the male is different 
from either sex allele of the female. In dose- 
crosses of related strains their occurrence varies, 
but is usually low. The low inddence in dose- 
crosses is explained by low viability, which is in 
turn affected by “diverse factors, both genetic and 
environmental” (Whiting, 1940, p. 354). 

Whiting points out (in liU.) that the work of 
Speicher and of Inaba on other spedes of Habrobrch 
con indicates that “the same principles probably 
apply to these forms” and that Dozorceva’s work 
on Pteromalus puparum “shows that widely diverse 
branches of the order act similarly.” In this 
connection it is interesting to note that Flanders, 
who has worked on the sex ratio of several parasitic 
spedes (1939, 1942a, b), says (in litL) that he 
believes the diploid males obtained by Whiting are 
abnormal and probably due to sex reversal. 

DETERMINATION OF THE DIFFERENT FEMALE CASTES 

Determination of the two sexes and therefore of 
the two reproductive castes, as shown above, de- 
rives from genetic differences in the egg and is in 
accord, therefore, with the blastogenic theory (in 
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modem tenninology, the genetic theory) of caste 
determination stemming from Weismann and 
upheld for the ants by Forel and, latterly (1937), 
by Wheeler. The differentiation of the two female 
castes presents, on the contrary, in the wasps and 
bees at least, an equally convincing case for con- 
trol by extrinsic factors, in this case nutritional 
factors, in accord with the somatogenic, spedffcally 
the trq>hogenic, theory of caste determination as 
upheld by a long series of students, notably Was- 
mann and Emery. 

The worker caste is poorly developed in most 
wasps. In ontogenetic development the first non- 
reproductive females (the only ones of many spe- 
cies) are sterile because of an adult starvation 
resulting from giving their food to the numerous 
larvae. Later in the same colony sterility results 
from alimentary castration, the larvae receiving 
minimal amounts of food and developing into 
small, sexually undeveloped worker adults 
(Wheeler, 1928, p. 167). Marchal (1896, 1897) 
found that elimination of the queen from a Vespa 
colony resulted in development of functional sexu- 
ality (egg-laying) by one-third of the brood, re- 
lieved under these conditions from nursing duties. 
He found that permanent or even temporary sup- 
pression of egg laying by the queen gave similar 
results. 

<<The differences between the workers and the queens 
of wasps are so small and intermediate forms are so 
numerous that quantitative feeding would probably ac- 
count for their production. The normal sterility of the 
workers seems to be due to the acceleration of the 
somatic and retardation of the reproductive tissues, a 
condition the reverse of neotenia” (Wheeler, 1928, 
P. 196). 

Caste development in the bumblebees seems to 
be on the same basis as that of the wasps. In the 
stingless bees and the honeybee, however, the dif- 
ferences between queen and worker castes are exag- 
gerated. The morphological specialization of the 
worker is more advanced, and the queens show 
numerous d^enerative features. The queens of 
these societies, it must be remembered, are para- 
sitic in a sense, entirely dependent on the workers 
and not functional in colony activities except as 
rq)roductives. The difference between queens and 
workers in the social bees then is by no means 
merely a matter of sex repression. 

The method of determination of the distinct 
female castes is best known for the honeybee, 


although seemingly many points remain to be 
cleared up even here. The essential facts have 
long been known. Eggs laid in queen cells become 
queens, those in worker cells become workers. All 
young larvae receive the same food up until the 
middle of the third day. C^eens receive the secre- 
tion of the pharyngeal gland known as royal jelly 
throughout larval life. The larvae in worker cells 



Fig. 1. Schematic Representation of Some of the 
Major Changes WmcH Occur in the Develop- 
ment OF Female Larvae of the Honeybee m 
Worker Cells During the Third and Fourth 
Days of Development, Following the Addition 
OF Pollen to the Diet. (From Fig. 24 of Becker, 
1925) 

1. Decrease in number of ovarian tubules. 2. De- 
crease in size of mandibular gland. 3. Increase in size 
of pharyngeal gland. 

receive pollen in increasing amounts beginning 
from about the middle of the third day. Becker 
(1925, in Zander and Becker, p. 215) showed 
(Fig. 1) that sudden and striking change in diHec- 
tion and rate of development of the features in 
which workers differed from queens coincides with 
the first feeding with pollen. Up to this point any 
female larva seems capable of becoming either a 
queen or a worker, as has been shown by transfer- 
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ring eggs from worker cells to queen cells, and 
vice versa (Wheeler, 1923, p. 137). Furthermore, 
numerous intermediates have been produced by 
transferring worker larvae to queen cells at various 
times beyond the second and third days of larval 
life. Becker states that the queen and the worker 
are the extremes of a morphological series, the 
intermediates of which may be experimentally 
produced by varying the food. It should be noted 
that the queen emerges much earlier than does the 
woricer. This early emergence may be correlated 
with access to greater quantity and richer quality 
of food, but also perhaps with the fact that certain 
structures do not reach full development. 

Instead of feeding the growing larvae as does 
the honeybee, the stingless bees (Meliponinae), 
like the solitary bees, seal the brood cells, each 
containing an egg and food for the growth of the 
future larva. In some Meliponinae, queen cells are 
larger than worker cells. Here the mere quantita- 
tive differences in food supply may be responsible 
for the differences between queens and workers. In 
the species of the genus Melipona, however, it has 
long been known (Silvestri, 1902; H. von Ihering, 
1903; Wheeler, 1928) that the cells are not distin- 
guishably different in size, and Salt (1929, p. 435) 
says, “By opening many adjacent cells containing 
adult or nearly adult bees it was readily established 
that males, females, and workers occur in neigh- 
boring and similar cells indiscriminately mixed in 
the tiers.” Wheeler (1928, p. 197) says of Melu 
pana, “. . . the cells in which males, queens and 
workers are reared are all alike and of the same 
size. They are provisioned with the same kind 
of food, pollen and honey, and an egg is laid in 
each . . . their imiform treatment nevertheless re- 
sults in the production of two sharply differentiated 
female castes.” If it should be shown that all 
brood cells contain the same food substances in 
the same proportions, we would have here ines- 
capable proof of intrinsic differences in the eggs 
and, therefore, of the blastogenic theory. In the 
absence of evidence one can only predict in the 
light of conditions known to exist in the honeybee 
that further investigations will show that the food 
stored in cells in which queens develop is signifi- 
cantly different from that in cells in which workers 
develop. 

OETB&MZKAXIONS OF FElCAnS CASTES IN ANTS 

A (xmsideration of female polymorphism in ants 
pnesents problems more complmc and difficult and 
much farther from solution than is the case with 


the bees and wasps. The situation was admiiably 
described by Wheeler (1937, p. 39) as follows. 

'Tt must be admitted that the brood relationship in 
ants is so elaborate, the difficulties of submitting it to 
controlled experimental investigation so great, and ob- 
servations of it so conducive to confficting *ezplana- 
tions’ that the controversy concerning the determina- 
tion of castes in these insects has persisted with little 
change for many years. This is shown by the attitudes 
of the two very eminent myrmecologists, Emery and 
Forel. Although both were thoroughly conversant with 
all the relevant facts established during their lifetimes, 
Emery nevertheless remained an intransigent tro- 
phogenist throughout his career, and Forel . . . was 
as thoroughly convinced that the castes are determined 
in the egg. During the past thirty years I have re- 
mained ‘on the fence’ on this contfoversy, with an 
increasing inclination to drop off on the blastogenic 
side.” 

In Mosaics and Other Anomalies Among Ants 
(1937), the last work before his death, Wheeler did 
definitely espouse the blastogenic theory (see quo- 
tation in preceding paragraph). He was led to 
this position by a study of the very numerous 
anomalies in a colony of the fungus-growing ant, 
Acromyrmex octospinosus Reich, collected in Trini- 
dad by Dr. Albert Neal Weber, and studied by 
Weber there for three months in a laboratory 
observation colony. Wheeler believed these anom- 
alies could only be explained as intercaste mosaics 
and therefore genetically determined as sex mosaics 
are known to be. Whiting (1938) in an extensive 
review of Wheeler’s book showed that these and 
other ant anomalies could be interpreted as inter- 
castes resulting from unusual and variable condi- 
tions as to nutrition or other environmental factors 
or as intersexes. Most importantly he points out 
that whereas the anomalous areas are distributed 
more or less at random in mosaics, the anomalies 
of ants tend to be limited to the head. Of the 
two other reviewers, one (Gregg, 1938) is also in 
disagreement with Wheeler’s conclusions, and the 
other (Schmieder, 1938) feels that experimental 
evidence is still required to prove the blastogenic 
theory. 

Two major sets of problems are involved in the 
female polymorphism of ants: first, those concerned 
with the determination of sterile versus fertile 
females, already discussed for bees and wasps, and, 
second, those dealing with the differentiation 
among the sterile individuals of distinct types 
known respectively as soldiers and workers. 

First, then, the question already encountered in 
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the wasps and bees: Are the reproductive females 
on the one hand and the sterile castes on the other 
genetic segregants, or do they represent phenotypic 
extremes of a varying expression of the same geno- 
type, their appearance determined by somatic 
influences? These are the two extremes of blasto- 
genic versus somatogenic positions. A somewhat 
different somatogenic explanation would hold the 
existence of different genetic mechanisms for all 
female castes in all female-producing eggs, and 
postulate somatic (probably nutritional) factors 
which determine which of these genetic mecha- 
nisms shall function during the critical period of 
larval development. 

In wasps, completely intergrading ontogenetic 
series exist between workers and queens, and in the 
honeybee such can be experimentally produced by 
variations in the diet. The presumption would be 
that such was once the case in ants. However, the 
polymorphism of ants is a much more ancient, 
much deeper-seated affair then in the other social 
Hymenoptera, and much more protean in its 
present-day expression. Individuals which are 
intermediate as to some characters between the 
queen and sterile workers occur naturally in some 
species, chiefly parasitic species, and such have 
been found to occur also when the natural develop- 
ment of individuals or the normal care of the brood 
is disturbed, as in various types and relations of 
parasitism. Whether the individuals thus caused 
to deviate from the normal of one or the other 
female castes actually form connecting series be- 
tween queens on the one hand and a sterile caste 
on the other is a matter of opinion. 

An extensive literature deals with the structural 
and psychological effects of infection of individual 
ants with nematodes of the genus Mermis, As late 
as 1928 Wheeler says (p. 206), ‘‘But whatever 
interpretation we adopt, the blending of characters 
of all three castes in the adult mermithergate seems 
clearly to point to potentialities for all of them in 
the young larvae.*’ In 1937, influenced by the 
findings and arguments of Vandel (1930), and per- 
haps not entirely free from the influence of his 
own recent conversion to the blastogenic position, 
Wheder says (1937, p. 77), “The character of the 
modification manifested by the adult ant depends 
therefore, on the caste of the infected larva,” and 
he speaks of the trophogenic explanation of these 
anomalies given by him in 1928 as being “im- 
tenable.” 

The rich terminology of caste anomalies among 
the ants need not concern us here (see Wheeler, 


1937, Appendix B, for his latest formulation, (fic- 
tated by acceptance of the blastogenic position). 
Our consideration may be limited to those anoma- 
lous females known as pseudogynes, long studied 
by Wasmann and others. Their occurrence is 
definitely correlated in several ant genera with 
infestations of staphylinid beetles of several genera, 
chiefly Lomechusay as shown by Wasmann in nu- 
merous papers, and by Viehmeyer (see Wheeler, 
1928). The workers of infested colonies nurse the 
beetle larvae, neglecting the larvae of the colony. 
The appearance of anomalies, especially pseudo- 
gynes, under these circumstances was e^q^lained by 
the trophogenists as being due to irregularities in 
feeding the larvae. It should be noted that the 
appearance of pseudogynes persists long after the 
infestation has ended. This is explained by the 
trophogenists as due to continued irregularity in 
the behavior of the workers. It must be noted, 
also, that pseudogynes occur, also, in certain spe- 
cies “never parasitized by beetles” (Wheeler, 1937, 
p. 79), which allows the blastogenist to attribute 
their occurrence to irregularities in the eggs rather 
than to nutritional irregularities. In 1904 Vieh- 
meyer obtained what he considers conclusive 
evidence (see also Viehmeyer, 1924) that these 
anomalies proceed not from irregularities in the 
eggs but from nutritional aberrations. A colony 
formerly infested with Lomechiisa had produced 
pseudogynes for three successive years after cessa- 
tion of the infestation. He transferred the queen 
of this colony to a group of workers from another 
colony which had never produced a pseudogyne. 
Under the care of these workers all of the eggs of 
this queen gave rise to normal individuals, none to 
pseudogynes. However, since we do not know all 
the causes of pseudogyne formation, Viehmeyer’s 
results would have been much more conclusive had 
eggs produced by the transferred queen in the new 
colony been returned to the old colony as a control 
to demonstrate that they could still give rise to 
pseudogynes there. Even then the bearing on our 
question of these findings might be oblique, since 
pseudogynes are interpreted by Wheeler as abor- 
tive females (queens) and not as intermediates 
between the fertile and sterile female castes. 

Various other types interpreted as intermediates 
between queens and workers are known to occur 
(Wheeler, 1928, p. 209; 1937, Appendix B). Some 
of these occur sporadically and are deady abnor- 
malities. Others, e^>edally in the genus LepUh 
thoraxy are functional females, but “grading down 
from the winged queen to the smallest worker” 
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(Wheeler, 1928, p. 209). In 1937, however, he 
sa 3 rs (p. 62), peaking of Leptothorax again, 

Besides the sudden absence of the wings in the erga- 
togynes, there is also a perceptible gap in thoracic 
structure .... The series seems, in fact, to comprise two 
series, one of females, with loss of wings and increasing 
simpification of the thorax, the other of workers, which 
increase in size and acquire ocelli ... the semblance of 
a single graduated series seems to be produced by a 
recessive structural simplification of the females and a 
progressive increase in size and ovarial development 
(feminization) of the workers. 

Ezhikov (1934), in an interesting statistical and 
theoretical discussion of individual variation and 
dimorphism of social insects, reports, without 
presentation of data, the general result of attempts 
to produce intermediates between workers and 
queens by quantitatively differential feeding: 
‘‘When we subjected to hunger the larvae of ants 
destined to be females {Campmotus^ Myrmica) at 
different moments of their development, we never 
were able to obtain forms transitional between the 
queen and the worker, but either real fertile 
females, perhaps somewhat reduced in size, or else 
typical working individuals.” 

Wesson (1940), approaching the same problem 
somewhat differently, attempted to show the effec- 
tiveness of environmental factors in shifting the 
proportions of queens produced from given num- 
bers of female larvae. The young larvae from 
several colonies of Leptothorax curvispinosus were 
thoroughly mixed and introduced into a colony of 
L, longispinosus from which the queen and the 
brood had been removed. During two weeks at 
summer temperature, 32 per cent of the larvae 
disappeared and those persisting grew but little. 
Evidently there was incompatibility between brood 
and recipient workers. The mixed colony was 
then placed in the cold room at 2^ C until March 
(five months later). On removal from the cold 
room another 33 per cent of smaller shriveled 
larvae was discarded and the remainder were thor- 
oughly mixed again and the pile divided “into 
halves through the center.” The host colony was 
divided into halves and each placed with one lot 
of the larvae. Colony A, conasting of 27 longi- 
spinosus workers and 44 curvispinosus larvae was 
given a superabundance of food. Colony B, con- 
akting of 30 workers and 44 larvae, was given the 
same kind of food but just enouc^ to allow the 
larvae to grow. Conditions otherwise were the 
same. The 38 larvae surviving to maturity in 


colony A gave rise to 3 males, 32 queens and 3 
workers, whereas the 35 surviving in the starved 
colony gave rise to 2 males, 23 workers and only 10 
queens. These results are interesting but are so 
meagre as to make it unwise to base generalizations 
upon them. As Wesson says, they could con- 
ceivably be explained upon the basis of chance 
assortment. Further, it would be extremdy valu- 
able in estimating the significance of these differ- 
ences to have information as to the numbers of 
each caste developed from such larvae in colonies 
of the donor species imder normal conditions and 
also after removal of queen and brood both during 
the summer and in the spring. Further, one would 
suspect that the adoption of the foreign brood 
could have been accomplished bV brief refrigera- 
tion alone, and that the artificial hibernation was 
not the important factor. One wonders, also, as 
to the 65 per cent of larvae lost. Perhaps here, 
as in the case of laboratory groups of termites, wide 
differences which seem to be of eaperimental sig- 
nificance may rest rather in variations of unknown 
complex social and environmental factors whose 
results are expressed in great differences in via- 
bility. However that may be, this is an excellent 
beginning and it is from such experiments more 
elaborately controlled and involving larger num- 
bers of individuals and colonies that valuable 
results may be e3q>ected. 

Except for a few parasitic genera, in which, sup- 
posedly, it has been secondarily lost, all ants pos- 
sess a sharply defined worker caste. In the primi- 
tive subfamilies of ants the workers are large and 
monomorphic (Wheeler, 1923), although some- 
times of different sizes. In many species in each 
of the higher subfamilies the sterile females exhibit 
polymorphism which may take the form of a more 
or less completely intergrading series or may be a 
sharply defined dimorphism. In the latter in- 
stance the large sterile type is termed the soldier 
and the smaller type the worker. These two types 
appear regularly in each colony of such ants and 
have very different functions in the economy of the 
colony. They are, in other words, well-defined 
castes in the proper use of the term. Here, there- 
fore, the question arises as to the mechanism which 
determines their occurrence. Two recent attempts 
at an e]q)erimental solution of this problem are 
of interest 

Goetsch reports, in the brief accounts available 
to me (1937a, b), what seem to be significant 
findings as to the ^ects of diet on soldier produc- 
tion in colonies of the Italian house ant {Pheidole 
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pdlUdfda). This spedes is e^>edally favorable for 
such studies because of the ease with which 
incipient colonies may be ciiltured and because of 
the rapidity of its colony development. The first 
nanitic worker lives only two to four weeks but 
by that time the second series of workers is present. 
These second workers are usually of normal size 
for workers of this species and in such colonies the 
first soldier is also present. Thus there is pre- 
sented here somewhat the same opportunity for 
study of the factors concerned in soldier production 
in ants as is furnished for termites by the incipient 
colony of Zootermopsis, to be discussed later. 

All of the 26 colonies which produced soldiers 
were colonies which (1) contained larvae not older 
than 5 days when experimental feeding was begun 
and which (2) were fed solid proteinaceous foods. 
Only one colony in this category failed to produce 
soldiers. None of those whose larvae were older 
than 5 days produced soldiers, and none was pro- 
duced in 18 colonies with young larvae but fed 
syrup or solid sugar or even fiuid protein. Six of 8 
such colonies fed syrup together with solid protein 
food produced soldiers, and one fed syrup but given 
a single piece of animal food produced a soldier- 
worker intermediate. Goetsch (1937a, p. IS) con- 
cludes, evidently partly on data not quantitatively 
presented in the reference available to me, ‘*Es ist 
also lediglich eine Spanne von hdchstens 2 Tagen, 
in der fiber das Schicksal der Larven bestimmt 
wird. Bekamen sie w&hrend dieser Zeit Fliegen- 
oder Mehlwurmstfickchen, dann wuchsen sie zu 
Riesenlarven imd spkter zu grosskfipfigen Soldaten 
heran; im anderen Falle blieben sie Arbeiter!" 
Such of his results as are presented in the brief 
report available to me are recombined in Table 1. 
As presented, they seem to indicate the significance 
of diet in determining the soldier caste. The argu- 
ment is more compelling when one notes that the 
six colonies which did produce soldiers (and for 
which information is given for numbers of soldiers) 
produced 21 of them, which would seem to make 
truly significant their total absence in the 16 
similar colonies otherwise fed. Striking as these 
results seem at first glance, more careful considera- 
tion raises numerous questions. First, it will be 
noted that the factor involved is not entirely clear. 
It is not just the chemical nature of the food, 
apparently, since, although colonies fed solid pro- 
tein produced soldiers, those fed liquid protein 
(blood, expressed tissue juices, raw egg white) or 
those starved (but supposedly fed proteinaceous 
food) did not. Tl^, Goets^ thinks, may be 


because the fluid materials had to be taken into 
the crop of the worker and fed to the larvae, 
whereas the solid protein food can be fed on con- 
tinuously by the larvae; in other words, that it is 
a matter of quantity in the case of liquid proteins 
at least, as presumably also in the case of starva- 
tion. It should be remembered in evaluating these 
results that pieces of insect bodies are the norpml 
food of the larvae of the species. From this point 
of view the findings seem less significant: Colonies 
with plenty of their normal food produced soldiers 
as well as workers whereas those receiving small 

TABLE 1 

Summary rf results of experiments by Goetsch {1937) 
on the influence of food on soldier development in 
colonies of Pheidole paUidula 


FOOD 

AOS 

HUMBKl 

OF 

colomus 

iruifBsx' 

FKQDUC- 

nro 

sou>m8 

Flesh 

Young* 

22 

22 

Flesh 

Old 

3 

0 

Solid protein 

Young 

S 

4 

Flesh and syrup 

Young 

8 

6 

Syrup and one piece 
of flesh 

Young 

1 

1** 

Fluid protein 

Young 

4 

0 

Fluid protein 

Old 

1 

0 

Tissue juice 

Young 

2 

0 

S3rrup 

Young 

5 

0 

Solid sugar | 

Young 

7 

0 

Solid sugar 

Old 

2 

0 

Starved 

Young 

8 

0 


* All larvae designated as young were less than 5 
days old. 

** Intermediate between worker and soldier. 


quantities of the normal food, or the normal t3rpe 
of food but in a different (less available) form, or 
other types of food, produced only workers. As 
Gregg {1942) says, the better-fed colony would be 
expected to produce soldiers. Soldiers alwaya 
appear later than workers in the development of 
ant colonies and are larger, and their appearance 
would seem to depend upon abimdant food sup- 
plies. The factor actually determining that one 
larva shall become a soldier, another a worker, 
remains obscure, however. Finally, data as to the 
complete brood of these colonies as also as to 
mortality in the colonies which did not produce 
soldiers would have been of interest in evaluating 
these results. These data may be given in other 
articles not seen by me. 
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In the same paper (1937), Goetsch reports on 
the nanism of the first worker. This he shows to 
be due to conditions in the egg, since eggs of young 
queens transferred to old colonies still give rise to 
nanitic workers. He considers nanism as an ex- 
ample of blastogenic determination, although he 
clearly considers it a matter of quantity of food 
available during embryonic development. Cer- 
tainly there is no reason to think that these eggs 
are genetically different from the others. The 
time would seem to have come to discard the term 
blastogenic, unless it can be used in conformity 
with modem genetic usages. Its use otherwise can 
only lead to misunderstanding. 

Most recently Gregg (1942) presents the results 
of a most interesting attempt to determine the 
significance of the constitution of the colony in 
determining the proportion of soldiers or workers 
produced within a colony. Pheidole morrisi was 
chosen because it is dimoiphic as to sterile castes 
and because its soldiers are able to care for the 
brood. Numerous experimental colonies of vary- 
ing sizes were set up. Seventeen were composed, 
aside from the queen, nearly or entirely of workers, 
10 nearly or entirely of soldiers, and 6, as controls, 
of workers and soldiers as taken in the field. In 
the 6 control colonies, soldiers produced ranged 
from 0 to 1 7.5 per cent of the brood with an average 
of 7.3 per cent. In the 17 worker colonies, caste 
production was not strikingly different from that 
in the controls. Soldier production ranged from 
0 to 18.6 per cent of the brood in 16 colonies and 
was 46.5 per cent in one colony, the average being 
8.5 per cent. In the 10 soldier colonies, on the 
contrary, soldier production was very low, 0 in 4 
of them and from 0.5 to 1 per cent in the others. 
One possible explanation of these results is that 
soldiers are not as effective as nurses as are workers 
and that almost all individuals in the colonies 
developed, therefore, under suboptimal conditions 
and became workers instead of soldiers, for the 
same reasons as in a young or undernourished 
colony. As Gregg points out, the soldiers did not 
appear in most cases until after there were numer- 
ous workers in the colony. The number which 
did appear is so small, however, as to weaken the 
sigziificance of the time of their appearance. How- 
ever this may be, Gregg’s excellent study adds to 
the growing evidence for the theory that any young 
female larva is capable of producing any of the 
fqmale castes, d^ending on the conditions at criti- 
eal moments of development. The same may be 


said, of course, of the findings of Wesson and of 
Goetsch. 

Gregg’s results indicated a tendency toward 
regulation of the colonies experimentally altered as 
to caste composition to something approximating 
the statistically normal proportion of soldiers. 
From the data given by Gregg, it appears that 
while the ratio between workers and soldiers varies 
enormously in individual colonies in nature, the 
average proportion of workers seems fairly definite, 
both for the species used by him and for the other 
species of the genus Pheidole investigated by him. 
His 6 control colonies averaged 86 per cent workers 
at the end of the experiment, 16 other colonies of 
the same species averaged 81.9 per cent workers, 
and a somewhat similar figure ^as found for 29 
colonies of Pheidole hicarinata (89.24 per cent) and 
for P. pUifera (88.5 per cent). A shift in com- 
position of the worker colonies would result natu- 
rally from the fact that soldiers were produced in 
considerable numbers. Actually a somewhat 
larger number of soldiers was produced in them 
(an average of 8.5 per cent) than was produced in 
the control colonies (7.3 per cent). If this in- 
creased soldier production in worker colonies is 
significant it may be explained on the basis of the 
optimal conditions found in these well-fed colonies 
with plenty of workers. An alternate hypothesis 
would be that more soldiers were produced because 
of freedom from an inhibiting effect exerted by 
soldiers. The shift toward normal composition in 
the soldier colonies occurred, of course, because, 
while almost no soldiers were produced, numerous 
workers were. The lack of soldier production here 
may be explained, as noted above, as being due in 
part at least to the unfavorable conditions arising 
from the absence of workers, or as Gregg postu- 
lates, as being a direct result of inhibition arising 
from the presence of niunerous soldiers. 

Perusal of Gregg’s figures reveals that the size 
of the brood produced by different colonies varied 
greatly. If we ignore two small colonies which 
died out, the range in size of brood produced for his 
worker colonies is seen to be 122 to 1 135. Further, 
of the two largest broods produced by his worker 
colonies one was produced by a colony starting 
with 60 workers, the other by one starting with 
2,008 workers. Perhaps no correlation between 
size of colony and size of brood is to be expected. 
Even so, the discrepancies in size of brood remain 
unexplained. 

FinaUy, such data as are given indicate that 
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there was a very high mortality during the experi- 
ment and that the incidence of mortality by colo- 
nies was by no means consistent. These are situa- 
tions aU too familiar to the laboratory student of 
termites and suggest the existence of undefined 
variables affecting the results. I present these 
features of Gregg’s results not as criticisms but 
to emphasize the necessity for great caution in 
evaluating the data derived from laboratory studies 
of social insects under existing laboratory methods. 

DETERMINATION OF CASTES IN TERMITES 

Smeathman’s remarkably accurate account of 
the colonies and communal structures of tropical 
termites (1778) gave the first clear picture of the 
facts of polymorphism and social organization in 
the termites. For more than another century, 
however, the study of the termite castes remained 
in the observational and speculative stage. Dur- 
ing this period the most noteworthy contributions 
were those of Lespes (1856) and Fritz Miiller (1873 
et seq,). Grassi’s classic studies (Grass! and San- 
dias, 1893, 1894; English translation, 1897, 1898) 
furnished the first experimental results and laid 
an excellent basis for future studies. In the half 
century since then numerous students have at- 
tacked the problems of caste determination and an 
extensive literature has arisen. 

Here, as with the ants, two theories have long 
been in opposition. The so-called blastogenic 
theory holds that the different castes appear as a 
result of intrinsic, that is genetic, differences in the 
eggs (Bugnion, 1912a, 1913; Imms, 1919; Thomp- 
son, 1917, 1919, 1922; Thompson and Snyder, 
1919, 1920; Snyder, 1925, 1926; BatheUier, 1927). 
The somatogenic theory, on the other hand, holds 
that all eggs and early nymphs are alike and that 
their ultimate fate is determined by environmental 
influences (Grass! and Sandias; Heath, 1927, 1931; 
Kalshoven, 1930; Weyer, 1930, 1931; Pickens, 
1932, 1934; Castle, 1934a, b; Hare, 1934; Goetsch, 
1936, 1939; Miller, 1942). In addition, important 
contributions have been made by Emerson (1926, 
1939a, b) and Adamson (1940). 

The blastogenic theory received factual support 
from two sources. First, Bugnion (1912, 1913) 
reported finding newly hatched nymphs (larvae in 
European usage) of a nasute species in which the 
nasus of the soldier was already differentiated. 
This report was discredited by Thompson (1919) 
on the basis of earlier work by Knower (1894) and 
her own findings, and also by John (1925), who 


reinvestigated the species studied by Bugnion. 
Second was the seemingly careful work of Thomp- 
son (1917, 1919, 1922) in which she presented what 
appeared to be convincing evidence that in each 
of nine different genera of termites from three dif- 
ferent families the nymphs of the first instar in- 
cluded two t3rpes of individuals, and that these 
types represented, respectively, those nymphs 
destined to develop into reproductives and those 
determined as sterile individuals. 

The studies of Heath (1927) showed that 
Thompson’s supposed types were not discernible in 
first-instar nymphs of Zootermopsis (formerly Ter- 
mopsis). Weyer (1931) showed that the first- 
instar nymphs (“larvae”) of three species of higher 
termites gave indications of a normal distribution 
of variation with regard to size of brain and head 
instead of falling into two types, and pointed out 
further that Thompson’s data could not be prop-* 
erly evaluated, since no information was given as 
to the numbers of individuals measured nor the 
distribution of the different measurements. For 
these reasons he emphasized the necessity of com- 
pletely disregarding both her evidence and any 
generalizations based on it. 

Finally, Hare (1934), working with three Ameri- 
can species of Retictditermes^ including the spedes 
studied by Thompson, and having access to the 
actual specimens studied by Thompson, concludes 
(1) that Thompson’s supposed first stadium actu- 
ally covered the first three stadia, (2) that within 
the true first instar the frequency scale of head 
width to brain width approximates a unimodal 
curve, (3) that there is little if any correlation 
between large gonad and small head-brain ratios, 
or vice versa, and (4) that not until a late stadium 
when certain individuals show wing buds can the 
nymphs of the sterile castes be separated from the 
alate line. 

Thus fell away any factual evidence for a blasto- 
genic theory of caste determination, leaving the 
field open once again and emphasizing the need 
for carefully controlled experimental studies. 

Latest findings have emphasized the essential 
plasticity of the immature stages, as did the much 
earlier work of Grass! and Sandias and, more re- 
cently, that of Heath and Kalshoven. ElaMoven, 
like Heath, laid stress on the importance of the 
constitution of the group in detemuning the fate 
of individuals in it, and Castle (1934b) says of Ms 
own results, “Such vital modifications of individual 
development resulting from such slight changes in 
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colony con^KMsition illustrate the importance of in- 
dividual interrelationships in maintaining the ddi- 
cately balanced unity of a termite colony.” 

Even more recently, Miller (1942), in an excel- 
lent study of ProrhinoUrmes simplex, a primitive 
member of the family Rhinotermitidae, emphasizes 
the extreme plasticity of the nymphs. He finds 
that nymphs as late as the sixth instar are capable 
of becoming either soldiers or alates or of remain- 
ing as a doubtfully differentiated worker t 3 rpe. 

My experiments with Zookrmopsis have further 
emphasized this plasticity, indicating that it ex- 
tends far b^rond the sixth instar. Many of the 
large, broad-headed n 3 nnphs, termed soldier 
n 3 rmphs or, at times, soldiers by Heath (1927), are 
dearly of very late instar, some probably repre- 
senting a tenth or even an deventh stadium. 
These broad-headed nymphs are presumably capa- 
ble of becoming ordinary apterous soldiers. Some 
of them, moreover, have wing rudiments, which 
may be lost or increased at subsequent molts. 
From such individuals, supposedly, arise some at 
least of the wing-padded soldiers occasionally 
encotmtered. The alate tendendes of these 
nymphs of advanced instar are in some instances, 
at least, carried to their ultimate condusion and 
the nymphs become alates by a final molt (we have 
one authentic record). The alates with unusxudly 
large heads sometimes taken |n flight may have 
this history. These alates would be in the tenth 
or deventh instar, therefore, whereas Castle agrees 
with Heath that the alate stage is typically arrived 
at in the eighth instar. Another common history 
of these broad-headed nymphs is to become supple- 
mentary reproductives. Many broad-headed sup- 
plementaries are entirdy apterous. Others have 
wing scars, or wing pads of var 3 dng size. Still 
others become the so-called fertile soldiers, or re- 
productive sddiers of Heath; actually, of course, 
these are supplementaries with more or less com- 
pletdy soldier-like heads. 

It would seem most plausible to believe that the 
terminal types comprising alates, soldiers, workers 
where present, and individuals of precodous sexual 
maturity (neotenics) are end results of different 
devdqpmental processes, each controlled by dif- 
ferent genetic factors or patterns all of whi^ are 
present in all individuals, and that the actual fate 
of each devdoping individual depends upon which 
of fhc several alternative genetic mechanisms 
emnes into final play. Which of them does 
control the terminal devdopmental processes sup- 


posedly dq>end8 upon certain as yet unknown dif- 
ferential factors in that part of the complex envi- 
ronment, sodal or otherwise, experienced by the 
particular individual. Since all colonies devdop 
all castes, these factors must be considered to be 
present at some times or places in all colonies. 
These differential factors, or influences, have been 
variously suggested to be parasitic castration 
(Grassi and Sandias), differential feeding (Grassi 
and Sandias; Jucd, 1920, 1924; Heath; and others), 
differential rdations to oxygen supply (Weytr, 
1931), ectohormonal inhibitions (Hckens, 1932; 
Castle, 1934a, b; Light, Hartman, and 0. H. Emer- 
son, 1937), or, more vagudy, ”the constitution of 
the colony” (Ealshoven, 1930). 

It must be repeated that the nature of the 
mechanisms whi(^ cause the appearance of the 
different castes in every colony of every spedes of 
termites still dudes us. Neither published results 
of recent investigations nor findings of an extensive 
program of experiments carried out under my 
direction during the past eight years, unpublished 
as yet but drawn on for this review, give final solu- 
tions. (The work under my direction has been 
carried out by a corps of assistants under the imme- 
diate supervision of a number of research assistants 
of whom I wish espedally to mention here Mr. 
Paul Illg, in charge for the last two years and now 
assisting me in organizing the data.) They serve 
rather to render obvious the complexities of the 
situation under investigation, to extend the area 
of investigation and indicate promising points of 
attack, and to emphasize the difficulties and pit- 
falls involved in laboratory studies of sodal ani- 
mals, the lack of uniformity in experimental results, 
the consequent difficulties in obtaining satisfactory 
controls and the caution which must be exerdsed, 
therefore, in drawing condusions from the data 
thus obtained. 

ELnowledge of conditions among the sodal Hy- 
menoptera, especially the bees, is widespread 
among biologists, and confusion often arises from 
the assumption that conditions in the termites are 
largely comparable to those in the bees and ants. 
Both the Isoptera and the sodal Hymencptera, it 
is true, exhibit polymorphism, and in each we find 
sterile castes. Here the resemblance ceases, how- 
ever, In other features of thdr social organiza- 
tion the Isoptera differ radically from the sodal 
Hymenoptera. It has seemed necessary, there- 
fore, in order to insure a dear understanding of the 
problems presented by the termite colony, to 
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accentuate here the most important features in 
which the social oxganization of the termites differs 
from that of the social Hymenoptera. This has 
been attempted in the twelve numbered statements 
which follow. 

1. Sexual dimorphism is negligible in the 
termites. 

2. The primary reproductives of termites are 
considered to constitute a single caste, con- 
sisting of equal numbers of males and 
fmales. 

3. The male termite, so far as is known, is 
diploid (Stevens, 1905; Benkert, 1930; Light 
and McAuley, MS) and is almost certainly 
bisexually produced. 

4. Parthenogenetically produced termites are 
exclusively females and therefore probably 
diploid as to chromosomes (thdy tokous par- 
thenogenesis; see Vandel, 1927, 1936). 

5. There is nothing in the termites to corre- 
spond to the haploid parthenogenesis of the 
male Hymenoptera. 

6. The method of sex determination is pre- 
sumably simpler in the termites than in the 
Hymenoptera. At least, nothing is found 
in them comparable to the sex-intergrades 
and sex mosaics common among the Hy- 
menoptera. 

7. The termite colony is completely bisexual, 
all immature stages and all castes consisting 
of approximately equal numbers of males 
and females. There is no counterpart, 
therefore, of the exclusively female castes of 
the H 3 rmenoptera and, consequently, in 
termites sex determination has nothing to 
do with caste determination. 

8. The male is fully functional in the social life 
of the termite colony. Termite colonies are 
gynandrarchic, founded and headed by male 
and female, usually by a single pair, both 
sexes assisting in founding the colony and 
caring for the eggs and first brood. 

9. The flight of termites, although followed by 
pairing, is not a mating flight, as in the 
social Hymenoptera generally, nor a swarm- 
ing flight as in the bees. Copulation does 
not occur until some time after pairing. 

10. The sterile castes of the termites are by no 
means homologous with those of the social 
H 3 rmenoptera. 

Especially is it to be noted that the terms soldier 
and worker used in connection with both ants and 


termites have no significant common meaning for 
the two groups. Among termites the soldier caste 
is the older, nearly universal caste. The worker 
caste, on the other hand, is much more recent, 
being, in fact, a derivative of the soldier line (Emer- 
son, 1926; Bathellier, 1927). The worker caste is 
altogether lacking in the large family of primitive 
termites, the Kalotermitidae, and has seemingly 
developed in the higher families since their separa- 
tion from the lower families. Worker-soldier inter- 
grades are practically unknown among termites, 
although neotenic soldier-nymphal Intergrades 
occur commonly among lower termites. 

11. The termites undergo long and gradual post- 
embryonic development involving numerous 
immature instars separated by molts, thus 
making possible permanent arrest of growth 
at various stages of development, or develop- 
ment in different stadia along different lines; 
all of which makes for complicated and 
plastic polymorphism. 

12. In lower termites all of the work of the 
colony is done by nymphs of various instars, 
and even in the higher termites they take 
part in it, whereas the social Hymenoptera, 
being holometabolous, their immature stages 
add to but do not partake in the communal 
tasks. 

THE NON-REPRODUCTIVE CASTES 

All termites possess one or more non-reproduc- 
tive or sterile castes, individuals of which develop 
in all colonies in fairly regular numbers. The 
sterile individuals are of two basically different 
types: (1) workers which are distinctly nymphal, 
apterous, eyeless individuals, and (2) soldiers which 
have highly altered, heavily sclerotized heads, and 
whose mandibles are either enormously enlarged 
or vestigial. Commonly a species possesses a 
single caste of soldiers and, among higher termites, 
a single type of workers. In some species of higher 
termites, however, there are two or even three 
castes of soldiers and also of workers. In some 
instances these different types of soldiers and 
workers are size segregants, terminal in different 
instars; in others they show distinct qualitative as 
well as quantitative differences (Hare, 1931). 
Workers are less universal in occurrence than 
soldiers. They are lacking as a caste in the large 
primitive family, the Kalotermitidae, and thdr 
status is doubtful in the other two lower families. 
Even in the Rhinotermitidae the status of the 
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worker caste seems doubtful (Pickens, Ph,D, the- 
sis; Miller, 1942). As to their phylogenetic origin 
I am in full agreement with Emerson (1926) that 
they represent a fixation of individuals (nymphs) 
in the line of soldier development. In two species 
of higher termites soldiers have been shown to 
arise, supposedly by two molts, from nymphs which 
arc of nearly the same size as workers and which 
differ from workers only slightly, in pigmentation, 
etc. (Emerson, 1926, Constrictotermes; Bathellier, 
1927, NasutUermes), Presumably, therefore, in 
the Nasutitermitinae at least, workers become 
adult in what is equivalent either to the penulti- 
mate or th^ antepenultimate instar of soldier 
development. 

Two mechanisms seem necessary to produce a 
definite worker caste. One would operate at a 
definite stage in development to prevent further 
molting on the part of the individuals affected, thus 
making them terminal individuals — ^adults in that 
no further growth occurs. It may be presumed 
that this influence comes to bear in the stadium 
preceding the definitive worker stadium, probably, 
therefore, in the equivalent of the antepenultimate 
stadium in soldier development in species having a 
single worker type. Presumably, therefore, some 
apterous nymphs of this stadium become soldiers 
by two further molts and others become workers 
following a single molt. The second mechanism 
which must be invoked is one which controls the 
development of (1) special pigmentation (or in rare 
instances of color patterns), (2) of increased sde- 
rotization, and (3), in higher termites, of certain 
structural details of the nota, the palpi and the 
antennae, characteristic of workers as contrasted 
to all other individuals of the colony. 

1 know of no evidence as to the factors operating 
to regulate the occurrence of workers in the termite 
colony. Until further evidence is available, it 
would seem best to suppose for reasons appearing 
in the discussion of soldier determination that the 
control of worker development is a negative one, 
those apterous nymphs of higher termites inhibited 
from soldier development becoming workers. 

It is customary to say that there is no worker 
caste among the Kalotermitidae and this usage is 
best maintained if the word caste is to retain a 
definite meaning. It must be remembered, how- 
ev^, that n 3 rmphs of various types and instars do 
all the work in these colonies except in the earliest 
stages of colony inception, when the founding re- 
productives are the effective workers. In Zooter- 


mopsis the nymphal stadia are numerous and long. 
Particularly important in these colonies are larger 
nymphs, typically apterous and therefore pre- 
sumably in the soldier line. Many of these older 
apterous nymphs possess heads broader than those 
of the alate line and we have termed them broad- 
headed nymphs. Some of these must be in late 
instars, presumably the tenth or even the eleventh. 
It seems probable that we have here individuals 
which might well be considered to represent an 
incipient worker caste or at least to illustrate how 
such a caste may arise. Supposedly in the soldier 
line, they are in so late an instar that it seems 
unlikely they will or can molt into the soldier stage. 
That they are terminal cannot be proved, how- 
ever, and indeed it is well kndWn that they retain 
the ablity to develop into supplementary repro- 
ductives. Further, they develop wing pads in 
some instances and one at least in our cultures 
actually completed development into an alate. 
Here again we have exemplified the plasticity char- 
acteristic, at least of the lower termites, but not, 
apparently, of the higher termites where inter- 
castes are rare (see Adamson 1940). 

All termites except those of the genus Anoplo- 
termes possess a characteristic soldier caste. This 
all but universal occurrence of soldiers seems to 
indicate that the ancestral termite stock already 
possessed such a caste. In line with its ancient 
status and in contrast to the recent essentially 
nymphal worker caste, the soldier caste is marked 
by a strikingly distinct morphology, especially as 
regards head and mandibles. The morphological 
changes from nymph to soldier are very great and 
occur over a considerable period involving two 
stadia. In the stadium intervening between the 
last two molts in soldier development the nymph 
is correctly designated an ultimate soldier nymph 
or simply soldier nymph, although the already 
enlarged head and mandibles give it an unmis- 
takable soldier-like appearance. Because of its 
difference from ordinary nymphs and its resem- 
blance to the soldier, the ultimate soldier nymph 
has been termed a pseudo-nymph by Kalshoven 
and a pseudo-soldier by Castle. This instar has 
not been recognized by aU students of termites and 
has been confused by some with recently molted 
unpigmented definitive soldiers tmder the name 
of callow soldiers, a term which should properly 
apply only to the recently molted definitive soldier. 
The ultimate soldier nymph stadium is ^hort, the 
individuals remain incompletely pigmented and 
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are not able to take food, and the stadium serves 
essentially as does the pupal stage in holometabo- 
lous insects. 

While the absence of soldiers in Anoplotermes has 
been generally considered to be secondary, it has 
been supposed that the loss was a permanent one 
involving degeneration or loss of the genetic mecha> 
nism. Goetsch (1939) has reported, however, that 
soldiers developed in incipient laboratory colonies 
founded by primary reproductives of a species 
identified by von Rosen as belonging to Anoplo- 
termes. The nasute soldier obtained by Goetsch 
is not the type to be expected in Anoplotermes on 
the basis of the relationships indicated by the 
morphological features of the genus, especially 
those indicated by the structure of the nymphal 
mandibles (Emerson in liU. \ see also Hare, 1937). 
Goetsch does not state on what von Rosen’s identi- 
fication was based, and it seems best to withhold 
acceptance of an Anoplotermes soldier, therefore, 
until examination of the workers produced in these 
colonies, or of the actual primary reproductives 
heading the colony, settles their taxonomic status. 
Mixed swarms are common in the tropics and the 
specimens sent von Rosen may have been different 
from those which founded the colonies. 

All students of incipient colonies report the 
occurrence of usually one or at most a very few 
soldiers in each first brood. Castle’s e35)eriments 
and my own (see below) show unmistakably that 
the introduction of a soldier into an incipient 
colony usually prevents the appearance of the 
expected soldier. If the presence of soldiers in an 
incipient colony tends to prevent nymphs from 
completing development into the definitive soldier, 
then the presence of soldiers may be supposed to 
regulate by inhibition the occurrence of soldiers in 
older colonies. On this hypothesis soldiers would 
be expected to appear with regularity in groups of 
nymphs separated from older colonies, providing 
they do not include soldiers. Both Grassi and 
Kalshoven found that soldiers develop in groups 
of isolated nymphs. Kalshoven noted, however, 
as did Grassi, that soldiers thus produced seemed 
usually not to be perfect soldiers and suggested 
that they were neotenic. 

Miller (1942) sought experimental evidence as 
to the influence of the presence of soldiers in regu- 
lating the number of soldiers in groups or colonies. 
His data do not lend themselves to summarization, 
but I shall attempt to sample the most significant 
of his results. Of 807 wing-padded individuals 


set up in 21 groups without soldiers, 57 became 
soldiers, which was 18.5 per cent of the individuals 
which changed, whereas of 880 wing-padded indi- 
viduals set up in 27 groups with solcfiers, in a ratio 
of approximately 1 soldier to 3 wing-padded, only 
6 became soldiers, or 2.5 per cent of the individuals 
which changed. In no group of the series with sol- 
diers was more than one soldier produced, whereas 
of the 21 groups without soldiers 9 produced 2 or 
more soldiers (2 to 14). Miller (p. 26) concludes, 
with commendable caution, “The presence of adult 
soldiers in colonies of undifferentiated nymphs and 
of wing-padded forms had a slightly significant 
inhibiting influence on the development of addi- 
tional soldiers.” 

In Zootermopsis I have found that soldiers very 
seldom occur in groups of nymphs isolated without 
soldiers, and at first sight this finding might seem 
to contradict the hypothesis that many nymphs 
tending to become soldiers are inhibited from fur- 
ther development in that direction by the presence 
of soldiers, or, conversely, that soldiers will shortly 
develop in groups lacking soldiers. Another ex- 
planation of these results seems more in line with 
facts, however. In groups of nymphs of Zooter- 
mopsis the tendency to neoteny is especially power- 
ful, as will be seen later, and the individuals which 
most commonly become neotenic are just those 
nymphs, usually apterous, termed soldier-nymphs 
(or at times soldiers!) by Heath which could be 
expected to become soldiers. The ohset of the 
shift toward precocious sexual maturity seems to 
arrest the individual in the instar in which it 
stands, or at most allows for but one molt (pre- 
sumably when the individual is already near the 
molt). Thus perhaps, the neotenic drive super- 
sedes in part at least the soldier drive, preventing 
soldier production in most groups. The so-called 
“nymphal soldiers” or “reproductive soldiers” 
which develop in some groups would seem to be 
well explained on this hypothesis being the result 
of the action of both drives in those individuals 
which were near the end of soldier development. 
As already noted, both Grassi and Kalshoven 
report deviation in the nymphal direction of sol- 
diers produced under these conditions. 

There seems to be no set proportion of soldiers in 
the colonies of Zootermopsis nevadensis. We have 
kept record for 74 colonies and find the percentage 
of soldiers to range from 0.49 to 12.49 per cent, 
with an average of 5.23 per cent. Grassi reported 
a ratio of 1 soldier to 5 nymphs in Kalotermes flavi- 
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coUis. Miller found an even greater proportion of 
soldiers in Prorhinotermes (1:3.6 d= 0.55 instock 
colonies). 

TABLE 2 


Occurrence of soldier flares in natural cotonies 


BUM or 
OOIOMY 

Mcnmi 

pucemt 
or no- 

XniTED 

SOLDIXKg 

PSKCKIfTOr 
CAXXOW 
80LDXUB 
AND aOUDOn 
HYMPHS 

TOTAL 

ramcsMT 

soLoms 

s 

4347 

January 

2.50 

2.90 

5.40 

3650 

January 

7.64 

3.42 

11.06 

2213 

February 

6.32 

6.06 

12.38 

4830 

February 

2.05 

9.40 

11.45 

1973 

March 

2.30 

2.00 

4.30 

3629 

March 

2.75 

3.72 

6.47 

3312 

AprU 

0.84 

2.99 

3.83 

843 

May 

0.95 

3.67 

4.62 

2414 

May 

1.70 

0.82 

2.52 

4375 

June 

1.83 

1.83 

3.66 

1616 

June 

4.82 

4.33 

9.15 

7000 

June 

2.40 

1.11 

3.51 

2535 

July 

6.82 

4.42 

11.24 

2500 

October 

2.08 

3.28 

5.36 

4200 

October 

1.32 

1.93 

3.25 


There should be noted here certain indications 
that soldier development is cyclic in Zootermopsis. 
Certain colonies are found to have great numbers 
of ultimate soldier nymphs and callow soldiers, 
indicating flares of soldier production in colonies. 
Our records indicate that such flares occur at differ- 
ent times during the year (see Table 2). Alates, 


although also seasonal in general, liave been imown 
to occur at almost all times of the year, and there is 
some evidence to indicate a correlation between 
these fliares of soldier production and the presence 
of alates in the colony. 

Neotenic nymphal-soldier inteigrades, the so- 
called reproductive soldiers, have been mentioned. 
Intergrades between the soldier and alate castes do 
occur in termites. In one species, Kalotermes occi- 
dentis Walker, all soldiers are wing-padded and 
possessed of a compound eye larger than that com- 
mon among the soldiers of primitive species. Wing- 
padded soldiers have been reported in other 
Kalotermitidae, but they are not the rule. In the 
Rhinotermitidae wing-padded soldiers have been 
reported for Reticulitermes by several authors 
(Grassi and Sandias; Pickens; Ghidini, 1938), and 
recently in Prarkinotermes by Miller. Such inter- 
castes are evidently unusual among the higher 
termites, but Adamson (1940) reports them in 
Microcerotermes arboreus Emerson and NasutUermes 
guayanae (Holmgren), and they may be expected 
to turn up in other species when these are carefully 
scrutinized. 

A complication of the picture in Zootermopsis is 
the occurrence of wing-padded neotenic soldier- 
nymphal intergrades. Perhaps the soldiers of 
Kalotermes occidentis are not merdy soldier-alate 
intercastes but supplementary reproductives. The 
rounded shape of the head in this ^>ecies is sugges- 
tive of this but may be tied in with the alate 
influence. 


(To be concluded) 
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INTRODUCTION 

All biologists are familiar with the 
statement that hereditary factors or 
AmA genes control the development of 
t ^ hereditary traits or characters. How, 
by what mechanism, they achieve 
this control is one of the great unsolved problems of 
physiological genetics. In recent years attempts 
have been made to approach the solution of this 
problem from different angles. One of these at- 
tempts, the study of the mechanisms of the genetic 
control of eye color differentiation in Drosophila, 
has made particularly rapid advances since 1935. 
Several reviews have been published on the 
progress in this field (Beadle, 1937; Ephrussi, 
1938; Becker, 1938; Beadle and Tatum, 1941). 
The purpose of the present article is to review a 
particular line of this work, namely, that which 
has led to the knowledge of the chemical nature of 
some gene-controlled substances intervening in the 
development of eye colors in Drosophila and repre- 
senting, so to say, the intermediate links between 
the genes controlling their production and the final 
character. 

In presenting the results of the work along this 
line, thQ author has chosen to follow, as closely as 
possible, the chronological order. It is indeed 
probable that, in adopting this order, the author, 
who has to a certain extent contributed to the 
development of the subject, was guided by a 
sentimental impulse. Whatever the reason, the 
author feels that for him this is the easiest way to 
tell an “eye-witness” stoiy, in which a series of 
“lucky accidents” played as important a r61e as 
the logic of the planned experiments. This 
alternation of logical steps and of the unforeseen 
will be in many ways suggestive to the unspecial- 
ized reader. 

From the latter point of view it is, no doubt, 
worth noting that the relatively rapid advances of 
the work related in this article has been, in a great 
measure, due to a frank and wholehearted coopera- 
tion between the different workers, particularly 
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between the groups headed, at Stanford, by G. W. 
Beadle and, in Paris, by the present writer, and 
that, in this field of Biology, like in many others, 
the collaboration of biologists and chemists was a 
major factor in the achieved advances. 

Vermilion in mosaics 

The original facts which constitute the starting 
point of the work discussed in this review have been 
reported in 1920 by Sturtevant in a short paper 
published in the Proceedings of the Society for Ex- 
perimental Biology and Medicine, In this pi^>er 
Sturtevant has described the aberrant behavior of 
the mutant character vermilion in Drosophila 
gynandromoiphs. 

Gynandromorphs, that is, individuals composed 
of male and female parts, have been known in 
Drosophila melanogaster ever since this species has 
been extensively used in breeding experiments. 
Morgan and Bridges (1919) have made a detailed 
study of these exceptional individuals And have ex- 
plained their origin through the elimination of one 
of the sex-chromosomes in the course of early 
cleavages. The study of sex-linked characters in 
these genetically mosaic individuals has shown 
that, as a general rule, “the male and female parts 
and their sex-linked characters are strictly self- 
determining, each part developing according to its 
own genetic constitution. No matter how large or 
small the region may be, it is not interfered with 
by influences coming from neighboring parts, nor 
is it overruled by the action of the gonads” 
(Morgan, Bridges and Sturtevant, 1925). 

The aberrant case reported by Sturtevant in 
the above cited paper acknowledges the first ex- 
ception to this general rule. A female hetero^- 
gous for the sex-linked genes eosin, ruby and forked 
was crossed with a male carrying in its X-chiomo- 
some the recessives scute, echinus, cut, garnet, 
vermilion and forked. Among the offspring of 
this cross a gynandromoiph was found in which the 
male parts, including the head, showed the charac- 
ters scute, echinus, cut, garnet and forked. The 
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female parts showed the forked character only. 
This appearance of the different parts of the fly was 
consistent with the interpretation that the animal 
started its development as a female carrying the 
maternal X-chromosome which was marked by 
the recessive genes listed above and that, in the 
course of one of the early cleavages, this chromo- 
some was lost from one of the blastomeres, leaving 
the latter with the paternal X-chromosome only. 
However, on this interpretation, the eyes of the 
g 3 mandromorph, whose head showed the paternal 
sex-linked characteristics, should show also the 
vermilion eye-color. This was not the case and 
from this observation Sturtevant has drawn the 
conclusion that *'the non- vermilion color was then 
apparently determined not by the genetic constitu- 
tion of the eye-pigment itself, but by some other 
portion of the body”. Thus this short note con- 
tains the first description of a non-autonomous 
character in Drosophila and, in the quoted sen- 
tence, the fijrst tacit assumption of the intervention 
of a diffusible substance in the process of eye color 
differentiation. 

A similar behavior of vermilion was later ob- 
served by Bridges (1925) and L. V, Morgan (1929) 
in mosaics of different origin. 

The importance of non-autonomous mendelian 
characters for the analysis of gene-controlled proc- 
esses has been stressed by Sturtevant in his paper 
“The use of mosaics in the study of developmental 
effects of genes” read at the Sixth International 
Congress of Genetics (1932). In concluding this 
paper Sturtevant writes: 

It is clear that in most cases there is a chain of reactions 
between the direct activity of a gene and the end-prod- 
uct that the geneticist deals with as a character. One 
may surmise that any valid generalizations about these 
reactions are more likely to concern the initial links 
than the terminal ones. However, it is the terminal 
ones that are usually more open to experimental attack, 
since the only index to the effectiveness of a given ex- 
perimental technique is the condition of the end prod- 
uct. Looked at from this point of view, the type of 
experiment that I have described may be considered as a 
beginning in the analysis of certain chains of reactions 
into their individual links. 

Iliis paragraph is quoted in extenso because it 
contains, along with a dear and condse definition 
of the purpose of Sturtevant’s experiments (and 
of later work derived from these experiments), a 
ptedae statement of the methodologic^ limitations 
involved. 


TransplankUion in Drosophila 

Although Sturtevant’s interpretation of the 
behavior of vermilion in mosaics implied a humoral 
correlation, the direct demonstration of the exist- 
ence of hormone-like substances in Drosophila was 
provided only in 1935, with the introduction of a 
transplantation technique adapted to this spedes 
(technique described by Ephrussi and Beadle, 
1936). One of the first- experiments performed 
with the hdp of the new technique was, so to say, 
a duplication of the situation which arose spontane- 
ously in the case observed by Sturtevant. Eye 
discs of vermilion larvae were transplanted into 
wDd type larvae and it was found that, under these 
conditions, the vermilion eye di^ developed into 
adult structures showing the wild type color 
(Ephrussi and Beadle, 1935; Beadle and Ephrussi, 
1936). Since the implanted eyes developed in the 
abdomens of the hosts without any constant or 
very definite connections with the surrounding tis- 
sues, it was concluded from these experiments that 
the lymph of the wild type hosts contained a sub- 
stance responsible for the observed change from 
vermilion to wild type. Vermilion, the first non- 
autonomous character known in Drosophila, was 
therefore interpreted as a deficiency for a specific 
substance. This substance, produced under the 
control of the wild type allelomorph of the ver- 
milion gene, represents then a link connecting this 
gene with the corresponding character (Fig. 1, A 
and B). 

Essentially similar results have been obtained by 
a German group of workers with an eye-color 
mutant in the moth, Ephestia kuhniella (Caspari, 
1933; Ktihn, Caspari and Plagge, 1935). In the 
following pages, however, the main emphasis will 
be placed on the work with Drosophila because the 
existence in this species of a considerable number 
of eye color mutants has made possible a much 
further analysis. 

The confirmation of the non-autonomous nature 
of vermilion led to the search for other non- 
autonomous eye colors. Over two dozen Dro- 
sophila eye-color mutants have been tested by 
transplantation experiments similar to those used 
with vermilion. Eye discs of the different mutant 
types have been transplanted into wild type hosts 
and their color characteristics were examined after 
hatching of the flies. Among the various 
colors thus tested, another eye color, cinnabar, 
characterized by a similar vermilion-like pigmenta- 
tion, was found to be also non-autonomous. 
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Cinnabar eye discs transplanted into wild type 
hosts differentiated into eyes with wild type color. 
Following the reasoning applied in the case of 
vermilion, the conclusion was drawn that the wild 
t 3 ^e lymph contains a substance responsible for 
the change of pigmentation of implanted cinnabar 
eyes. And thus the question arose whether the 
change from cinnabar to wild type was caused by 
the same substance which controlled the change 


from cinnabar to wild type. The wild type lymph 
contains both these substances. The lymph of the 
mutant cinnabar contains only one of them, namely 
the substance responsible for the change from 
vermilion to wild t 3 ^e. The mutant vermilion 
contains none of these substances. These two 
substances have been called respectively the v** 
and cn*^ substances or hormones, the exponent + 
indicating their occurrence in the lymph of animals 






F 


Fig. 1. Summary or the Results of Transplantation Experiments 
Below, host and donor larvae. Above, adult flies containing differentiated implants 


from vermilion to wild type or whether the wild 
iypt lymph contained two different substances. 
The answer to this question was given by other 
transplantation experiments (compare A, B, C, 
and D of Fig. 1) whose results are summarized in 
Table I and among which the two reciprocal trans- 
plantations (5 and 6) between cinnabar and ver- 
milion are particularly significant. 

The results of these reciprocal transplantations 
make it quite obvious that there are two different 
substances, one responsible for the change from 
vermilion to wild type and the other for the change 


carrying the wild type allelomorphs of the genes 
vermilion (v) and cinnabar {cn) (Beadle and 
Ephrussi, 1936). 

The above table contains only a few of the trans- 
plantations performed. In other transplantation 
experiments very numerous kinds of combinations 
have been realized between hosts and implants of 
different genetic constitutions. These experiments 
have lead to the important observation that, while 
a deficiency for the cn*** substance alone charac- 
terizes the flies of certain genotypes, a deficiency 
or a decrease of concentration of the v'^ substance 
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is always accompanied by a deficiency or cone- 
q>onding decrease of concentration of the cn*** 
substance. On the basis of this observation the 
assumption was made by Beadle and Ephrussi 
(1936) that the two substances are formed in the 
course of a single chain of reactions, of which the 
v** substance represents the first and the cn+ sub- 
stance the second link: 

— > V'*' — > cn+ 

This hypothesis, fundamental for the ensuing 
e]q>erimental developments, naturally did not 
imply a corresponding simplicity of the chain of 
reactions when translated in concrete chemical 
terms. 


TABLE 1 

Summary of results of transplantation experiments 


IIIVLANT 

HOST 

PHSNOTYFB OF 
THE IMPLANT 

1. Vennilion 

Wild type 

Wild t3rpe 

2. Cinnabar 

Wild type 

Wild type 

3. Wild type 

Vermilion 

Wild type 

4. Wild type 

Cinnabar 

Wild type 

5. Vermilion 

Cinnabar 

Wild type 

6. Cinnabar 

Vermilion 

Cinnabar 


In all transplantation experiments hitherto 
described, the observed changes in pigmentation 
were produced in the implants, under the influence 
of the new environment (host). However, effects 
of essentially the same sort can be produced as well 
in the opposite direction, i.e. changes can be in- 
duced in the pigmentation of the host eyes through 
an influence emanating from the implants. If, for 
example, a cinnabar eye disc is transplanted into 
a vermilion-brown larva (the reasons for choosing 
this type of double recessive host will be explained 
in a moment), the eyes of the host, normally con- 
taining but traces of pigment, show a marked 
darkening (Fig. 1, E and F). This result has been 
interpreted as a case of release of the v'*' substance 
produced by the implant. 

This type of effect is mentioned here not because 
it is thought that it represents, in itself, something 
essentially new, but for the following two reasons. 
First, because effects of this type and, especially, 
reciprocal ^ects of the host on the implant and of 
the unplant on the host, within the same experi- 
mental animal, further support the formation of the 
v^ and cn*^ substances in the sequence indicated 


above (see review by Beadle and Ephrussi, 1937); 
secondly and particularly, because of its technical 
value. The possibility of producing an effect on 
the eyes in situ has suggested a method for the 
detection of the diffusible substances in any 
material, for example in an extract. In other 
words, the finding of the effects on the hosts has 
supplied the basis for an assay technique indis- 
pensable in the early phases of all hormone work. 

In the last mentioned experiment, double re- 
cessive vermilion-brown (v bw) flies were used 
instead of vermilion (v) flies, because in the almost 
colorless eyes of the double recessive a very slight 
change produced by the v** substance (i.e. a slight 
shift from the v bw towards the v'^bw phenotype) 
is much more easily detected than in the eyes of 
vermilion flies. In other terms, the eyes of the 
vermilion-brown flies were found to constitute 
the most sensitive ‘‘detectors” of the substance. 
Similarly, cinnabar-brown flies can conveniently 
be used as “reagents” for the detection of the cn''* 
substance. 

The changes produced in the eyes of these de- 
tector flies by implants releasing one of the diffusi- 
ble substances were found to vary according to 
the genotype of the implant (Ephrussi and Beadle, 
1937). What is emphasized here is not the dif- 
ference in the implants, but the variability of the 
effect. This variability was interpreted as indi- 
cating that the degree of darkening of the eyes was 
a measure of the amount of the diffusible substance 
released into the body fluid of the host. By se- 
lecting a series of flies of different genotypes, rep- 
resenting a series of intergrades between the 
phenotypes of vermilion-brown and brown flies, 
Tatum and Beadle (1938) have introduced a scale 
of standards which are comparable to various de- 
grees of modification of the eye-color of vermilion- 
brown flies under the influence of the v+ substance 
and can be evaluated in terms of arbitrary color 
values. The comparison of an experimental fly 
with this scale of standards permits the description 
of the results in terms of these color values, as- 
sumed to be related to the amount of v*^ substance 
by approximate proportionality. One of the first 
steps of the eye color modification, corresponding 
to one of the lighter shades in the scale of standards, 
was taken as indicative of the action of one 
arbitrary hormone unit. Thus the method of 
detection of the v*^ substance was transformed into 
a method of semi-quantitative determination of 
the hormone. 
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Transfusion of lymph 

As shown above, the existence of the diffusible 
(v^ and cn*^) substances has been postulated on the 
basis of, and offered as an interpretation for, the 
non-autonomous or dependent differentiation of 
the color characteristics of certain eye implants. 
A necessary corollary of this interpretation is that 
the postulated substances are transmitted from the 
locus of their production to the reacting organs 
(host or implanted eyes) through the lymph. The 
demonstration of their presence in the lymph 
should therefore be regarded as a supplementary 
proof of the correctness of the interpretation. 
This proof has been provided by direct lymph 
transfusion. The lymph of wild type or cinnabar 
pupae was injected into ‘‘detector’^ larvae. The 
flies which developed from the injected larvae 
showed a dear modiflcation of the eye color, indi- 
cating that the injected lymph actually contained 
the postulated active substance (Beadle, Clancy 
and Ephrussi, 1937). 

While this was a confirmation of the original 
hypothesis, there still remained one possible ob- 
jection. The lymph contains, along with its liquid 
phase, cellular dements which may be hdd respon- 
sible for the modifications of the pigmentation. 
This objection was met by experiments in which 
the lymph, prior to injection, was frozen at very 
low temperatures and thawed several times and 
centrifuged in order to remove the residues of the 
destroyed cells. Lymph treated in this manner, 
when injected into vermilion-brown larvae, pro- 
duced nevertheless dear modifications of the eye 
color and thus the experiments have shown that 
it is really the liquid phase of the lymph which 
carried the factors responsible for the changes in 
pigmentation (Harnly and Ephrussi, 1937), 

The results just described were the first real 
indication that it should be possible to isolate the 
active prindples. Before this could be attempted 
effidently, however, several purdy practical dffi- 
culties had to be solved. As in all chemical 
studies of hormones, the location of the source of 
active material to be extracted was thought to be 
particularly important in view of the exceptionally 
small size of the flies which constitute the natural 
source of the diffusible substances. Therefore the 
search was undertaken for another rich and easily 
available source of the hormones. Extracts of 
different tissues of higher animals were examined 
but all gave negative results. Yeast extracts were 
negative also. Lymph of different insects (Galleria 


melonella^ Callipkora erythrocephala, Habrobracon 
juglandis, Epkestia kuhnieUa, Bombyx tnori, etc.) 
on the contrary, was found to contain substances 
which proved to be active in modifying the pig- 
mentation in Drosophila (Ephrussi and Hamly, 
1936; Beadle, Anderson and Maxwell, 1937). 
These experiments indicated then, in the first 
place, that the diffusible substances of Drosophila 
were not spedes-specific; secondly, they indicated 
a practical means for obtaining large quantities of 
extraction material. 

Among the different insects rich in the and 
cn'** substances, CaUiphora was chosen, because the 
larvae and pupae of this species could be easily 
purchased in considerable amounts on the Paris 
market. Thus the first chemical characteristics 
of the diffusible substances were obtained from the 
study of extracts of CaUiphora pupae. 

Studies of extracts 

That active extracts of the diffusible substances 
can actually be obtained was very soon shown by 
extracting CaUiphora pupae in ethyl alcohol or 
ethyl alcohol-ether mixtures (Khouvine, Ephrussi 
and Hamly, 1936). The study of these extracts 
soon indicated that the active substances were solu- 
ble in water and in ethyl alcohol, insoluble in ether 
and chloroform. Th^ were heat stable and 
dialysable. Therefore they were neither lipoids, 
enzymes, nor proteins (Khouvine and Ephrussi, 
1937). These results were confirmed by Thimann 
and Beadle (1937) working with extracts of Dro- 
sophila pupae. Further study of both CaUiphora 
and Drosophila extracts has shown that the 
diffusible substances are very unstable in adds and 
alkali and are not extractive in most organic 
solvents. They are predpitated by lead acetate 
and phosphotungstic acid as well as by Neubergs’ 
reagent considered to be spedfic for amino-adds 
(Khouvine, Ephrussi and Chevais, 1938; Tatum 
and Beadle, 1938). Finally, the study of their 
rate of diffusion in agar blocks has indicated a 
molecular weight of 40Q-500 (Tatum and Beadle, 
/.c.). It should be pointed out here that through- 
out all these experiments the behavior of the v*^ 
and cn*^ substances and their properties appeared 
strictly identical and no separation of them has 
been possible. 

Taken together, the results of all these studies 
have suggested the amino-acid like nature of the 
eye-color hormones and from this point on their 
further purification and eventual crystallization 
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was, attempted. This line of work, however, has 
not led to the hnal identification of their chemical 
structure. While the results of the chemical work 
described above have played an important r61e in 
orienting the experiments which finally gave the 
due, these experiments, as will be shown, were sug- 
gested by a different line of work. 

Feeding experiments 

In 1937 it was found that the diffusible sub- 
stances wiU produce their effects on sensitive hosts 
not only when injected into the blood stream but 
also when administered per os (Beadle and Law, 
1938) . Since at that time it was already supposed, 
on the basis of the chemical investigations sum- 
marized above, that the active substances were 
amino-acids, it was realized that the ^^feeding 
technique” offered the possibility of testing various 
pure amino-acids or their mixtures for their hor- 
mone activity on a scale which was not accessible 
so long as it was necessary to resort to injections. 
Experiments were consequently started in which 
Drosophila (vermilion brown) larvae were raised 
on mixtures of agar, glucose and different amino- 
adds. It was assumed that these media would be 
sufficiently nutritive to support the completion of 
the growth and differentiation of larvae which, 
prior to the experiment (up to a certain rather ad- 
vanced stage) were grown under standard food 
conditions. This assumption, however, appeared 
to be erroneous. In the first experiments only a 
low per cent of the larvae reached and went 
through metamorphosis. Only a few flies hatched, 
in a few of the experimental vials, and all these 
flies were of a veiy small size as a result of food 
insuffidency. However, the experiment led to an 
interesting observation. In one of the vials some 
flies developed a modified eye color, similar to that 
produced by a low dose of the v+ substance. 
Was the amino-add added to the medium in this 
vial responsible for the change? This was not 
certain since none of the control flies, raised on the 
agar glucose mixture without addition of amino 
adds, reached emergence. The repetition of the 
experiment on a large scale soon showed that this 
was not the case. In this new experiment eye 
cdkxr modifications were again observed, but they 
were observed in several vials containing very 
differ^t amino adds. This pointed to the 
oonduston that the added amino adds were not 
involved at all in the observed effects. As a matter 
of fact, in this second experiment, some control 


flies did hatch on a medium containing no added 
amino-adds, and these flies showed the eye color 
modification as wdl. Were then the observed ef- 
fects due to some impurity in the agar or in the 
glucose? Control experiments were performed 
which showed condusivdy that the eye color 
changes could not be ascribed to any one of the 
constituents of the medium and suggested that 
they were induced by the general malnutrition of 
the larvae (Khouvine, Ephrussi and Chevais, 
1938). Special experiments performed in order 
to test this condusion have shown that par- 
tial or total starvation of vermilion-brown 
larvae will produce the change from v towards v"**, 
or, in other words, that under the influence of a 
certain diet, vermilion larvae, normally charac- 
terized by the inability to produce the v**" sub- 
stance, will be induced to produce it (Khouvine, 
Ephrussi and Chevais, lx.\ Beadle, Tatum and 
Clancy, 1938). This condusion has been further 
confirmed by direct extraction of the v*" substance 
from starved vermilion-brown larvae (Beadle, 
Tatum and Clancy, l.c). Thus a very interesting 
relationship between the production of the v+ 
substance and the general (probably protein) 
metabolism of the flies has been established. This 
relationship is an interesting problem of its own, 
but has no direct connection with the problem 
discussed here except for the practical condusion 
concerning the feeding technique which had to be 
drawn from the results of these experiments. 
This condusion pointed to the necessity of first 
working out an adequate nutritive medium into 
which the substances to be tested could be in- 
corporated. 

The effect of tryptophane 

Among the different substances tested for their 
nutritive value, a peptone was tested and, while it 
appeared to be entirely satisfactory in so far as 
the general growth of the flies was concerned, its 
assay brought up a new and surprising result. 
Vermilion-brown flies raised on the medium con- 
taining the peptone also showed a modification of 
the eye-color, similar to that produced by starva- 
tion or by the addition of v+ substance. In this 
case, however, the effect could hardly be attributed 
to a defident diet and therefore seemed rather to 
indicate really the presence of an active prindple 
in the peptone tested. Consequently experiments 
of the same type were repeated using several sam- 
ples of peptones of different origins and various 
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proteoses. These eaqperiments gave a very in- 
teresting result, namely that all the peptones 
tested, except one, gave positive results. The 
exceptional peptone was gelatin peptone which, 
as is well known, is characterized by the absence 
of tyrosin and tryptophane. The next obvious 
step then was the addition of tyrosin and tiypto- 
phane or their mixtures to the medium containing 
gelatine peptone. These experiments showed con- 
duuvely that tryptophane was the substance 
responsible for the eye color change. 

But was tryptophane to be regarded as the v+ 
substance? By definition, the v*** hormone is a 
substance producing its characteristic effect when 
injected into the blood-stream. Tryptophane, 
however, when tested by injection, gave negative 
results. It became dear therefore that, while 
tryptophane could probably be regarded as a 
precursor of the v*^ substance, it could not be 
considered as being the substance itself. In 
other words, this finding made it quite probable 
that the v^ hormone was a derivative of trypto- 
phane. Consequently experiments were started 
in order to test the activity of various products of 
tryptophane transformation, both by feeding them 
to and injecting them into vermilion-brown larvae. 
This work has led to the finding of many trypto- 
phane compounds active in the same way as 
tryptophane but inactive by injection (Khouvine 
and Ephrussi, unpublished). The work along this 
line has, however, been interrupted by the war and 
the dedsive devdopments came from the combined 
results of two different lines of work, both starting 
from the discovery of the r61e of tiyptophane in 
the described effects. 

Bacterial synthesis of the substance 

Throughout the experiments thus far described 
no particular attempt was made to control the 
growth of microorganisms in the media tested. 
In 1938 Tatum became interested in the nutritional 
requirements of Drosophila larvae and in connec- 
tion with this work (Tatum, 1939b, 1941) estab- 
lished a technique for growing flies aseptically 
(technique described in Tatum and Beadle, 1939). 
One of the results of these studies of larval nutri- 
tion was the finding that media such as the agar- 
peptone mixtures used by Khouvine, Ephrussi and 
Chevais cannot support, under aseptic conditions, 
the normal growth and devdopment of Drosophila 
larvae. The normal development of the flies in 
the experiments of these authors appeared there- 


fore as probably due to the growth of microorgan- 
isms in these, by themselves deficient, media. If 
so, the hormone-like effects of starvation, peptones 
and tryptophane may have been due also to the 
intervention of microorganisms. With this idea 
in mind, Tatum and Beadle (1939) reinvestigated, 
under aseptic conditions, the effects of starvation 
peptones and tryptophane. While it was found 
that the starvation effect can be observed on flies 
grown under aseptic conditions, it appeared that 
the effect of tryptophane does not occur in the 
absence of microorganisms. The latter two effects 
were thus due to the presence of bacteria or yeast. 
In the course of these experiments, however, 
Tatum (1939a) found one vial accidentally con- 
taminated by an aerobic bacillus. The vermilion- 
brown flies hatched in this vial showed a marked 
eye color modification. A culture of this un- 
identified Bacillus sp. was isolated from the con- 
taminated vial and it was soon shown that the 
bacillus, when grown on a tryptophane-containing 
mediiun, synthetizes a substance similar in its 
effects and properties to the substance. The 
substance can be added to normal (complete) 
nutritive media and will produce the same effect 
It therefore is dear that starvation plays no r61e 
in these results. Moreover, the substance ex- 
tracted from the agar medium on which pure 
cultures of the bacillus were grown, was found to 
be active also when injected into vermilion-brown 
larvae. The method of extraction from the agar- 
medium showed that the solubilities of the active 
substance were similar to those ascribed to the 
v’^ substance on the basis of the chemical work 
related above. Finally, it should be mentioned 
that this substance produced effects only on ver- 
milion-brown, not on dnnabar-brown flies. But 
Tatum (Lc.) was able to show that, like the v+ 
substance, the substance obtained from bacterial 
synthesis, is converted, within the animal, to cn^ 
substance. If vermilion-brown larvae, fed on a 
medium containing the substance synthetized by 
Bacillus sp. are, after pupation, boiled, crushed 
and fed to dnnabar-brown larvae, the latter de- 
velop into flies with a dearly modified eye color. 
Thus, the substance synthetized by Tatum’s 
bacillus had all the known attributes of the 
hormone. Their identification required, however, 
their isolation in a pure state. The liext step in the 
direction of this identification was made by Tatum 
and Beadle in 1940 when they succeeded in crys- 
tallizing the product of bacterial s 3 mthesis. On 
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the results of this work the authors report in the 
following terms: 

. . . ^‘Tbis bacterially produced v’*' hormone has now 
been obtained in a pure crystalline state. The bacteria 
were grown on an agar medium containing dead 3 reast, 
sugar and 1-tryptophane. The agar and yeast were 
precipitated in 80 per cent alcohol. The hormone was 
then taken up in a mixture of butyl alcohol, ethyl alco- 
hol and water, and was finally precipitated from 
absolute butyl alcohol. It was then crystallized from 
90 per cent ethyl alcohol. The crystals are very light 
yellow, elongated plates, usually forming in rosettes. 
The elementary analysis (made under the direction of 
Dr. A. J. Haagen Smit, of the California Institute 
of Technology) supports the empirical formula 
Q 1 H 14 N 1 O 14 .” (Tatum and Beadle, 1940). 

It should be added that acx:ording to data of Tatum 
and Beadle one gram of this crystalline material 
will change from vermilion to wild t 3 rpe approxi- 
mately one million flies. 

The iderUification of the v^suhstance with kynurenine 

The knowledge of the structural formula of the 
v*** substance, however, is connected with still an- 
other line of work and due to another group of 
workers. When the relation of the v*^ substance 
with tiyptc^hane was established, tests of the 
activity of various tryptophane derivatives have 
been performed by Butenandt and his coworkers 
in Berlin. Among the substances tested, kyn- 
urenine, a substance discovered by Kotake m the 
urine of rabbits fed on l-tzyptophaae, gave positive 
results, both by the feeding and injection tests 
(Butenandt, Weidd and Becker, 1940a). Thus 
k 3 murenine was the first pure chemical of known 


activity and isolated from bacterial synthesis is 
a sucrose ester of 1-kynurenine. 

The final proof of the identity of a chemically 
defined compound with the v*^ substance, how- 
ever, should necessarily involve the demonstration 
of (1) the presence of the substance in flies which, 
according to transplantation es^riments, contain 
it and (2) its absence in the mutant vermilion. 
Kikkawa (1941) has undertaken this work using 
the Otani-Honda method for the demonstration of 
kynurenine. The results of Kikkawa’s work can 
be summarized as follows. K 3 rnurenine can be de- 
tected m the mutant cinnabar and in its equivalent 
(mutant white-I) in BomJbyx. From the eggs of 
the latter kynurenine sulphate has been obtained 
in aystalline form and shown to be active when 
injected into vermilion-brown Drosophila larvae. 
Tests for k 3 murenine in vermilion larvae and pupae 
are negative. Thus the first two criteria of the 
identification of k 3 rnurenine with the v*** substance 
were fulfilled. However, the tests for k 3 murenine 
in wild type larvae and pupae were negative, whik 
the original scheme of Beadle and Ephrussi calls 
for the presence of the v'** substance in wild type 
lymph. Kikkawa assumes that these native 
results are due to the rapid conversion of kynure- 
nine into cn*^ substance (which is the compound 
responsible for the eye color change) and thus 
reconciles the scheme of Beadle and Ephrussi with 
the observed distribution of kynurenine. 

The two remaining questions for which at least 
a partial answer can be given at present are those 
concerned with the origin mid the fate of 
kynurenine. 

According to Kotake, kynurenine is derived from 
tryptophane via a-ozy- tryptophane: 
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constitution whose physiological effects were found 
to be similar to those of the substance. The 
properties of k 3 murenine solutions axe also similar 
to those of the highly active and highly purified 
solutions of the v+ substance obtained from fly 
extracts. The results of Butenandt, Weidel and 
BedLcr made it vety probaUe that kynurenine 
diould be identified with the v*^ substance. This 
impression was further strengthened by the work 
of Tatum and Haagen Smit (1941) who were able 
to show that the aystalline product having v^ 


This substance was only recently isolated by Wie- 
land and Witkop (1940) from hydrolized phalloidin. 
Butenandt, Weidel and Becker (1940b) have 
injected solutions of a-ozy-txyptpphane into 
vermilion-brown larvae and obtained positive, 
although weaker results than by injecting equiva- 
lent concentrations of kynurenine. It can be 
considered therefore that kynurenine arises from 
tryptophane via a-ozy-tryptqphane in vivo also 
and oe-oxy-^tryptophane can be regarded as a 
precursor of k 3 mu] 3 pnine. 
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The natime of ike substance 

Since the cn*** substance is known to be derived 
from the v*** substance and since the chemical 
nature of the latter seems to be established; it 
should be possible now to gain some insight into, 
if not determine the nature of, the cn*** substance 
also. The most natural idea is to look for sub- 
stances having a cn*^ activity among the derivatives 
of iQmurenine. 


stance, both found in human urine and re^nsiUe 
for Ehrlich’s diazo-reaction, are deriv^ from 
kynurenine. Although the solubilities of these 
substances are known to be different from those 
of the cn*^ substance, Kikkawa has applied the 
diazo-reaction to the mutants of Drosophila and 
Bombyx in which transplantation experiments 
have demonstrated the presence or the absence of 
the cn'*' substance. These tests have shown that 
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Fko. 2. Tbe Pkoducts or Tryptophane Metabousm and Kikkawa’s Scheme or Pzoment 

Production in Drosophila 


According to Kotake, in the animal body the 
transformations of k 3 murenine most commonly 
lead, through kynurenine-yellow, to o-amino-aceto- 
phenone, anthxanilic acid and kynurenic add (Fig. 
2). The solubilities of the three first named 
substances suggest that they cannot be the cn*^ 
substance. Injections of anthranilic add by 
Kikkawa {IxJ) in fact gave negative results. 
Kynurenic add, as wdl as a-decarboxykynurenine 
bave been tested by Butenandt, Weidel and 
Bedcer (1940b) and did not show any cn*** activity. 

Kotake has also suggested that the so-called 
Weiss uroduomogen and the Sachs cdor sub- 


there is a dear corrdation between the presence 
of the cn'*' substance and a positive diazo-reacdon. 
Kikkawa further shows that the diazo-reacdon, 
negadve in vermilion-brown controb, becomes 
posidve if the larvae are grown on a medium to 
which kynurenine has been added. In other 
words there is an idendty of distribudon of the cn'*’ 
substance and of a factor responsible for a posidve 
diazo*test, and a causal reladonship between the 
latter and k 3 murenine. From the above identity 
of distribudon Kikkawa condudes that the cn*** 
hormone is the substance re^ndble for the 
posidve diazo-reacdon. He calls it the 
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chrolnogen’^ thus indicating by the new term that 
the cn*'' substance is a direct precursor of the 
pigment 

PERSPECTIVES 

The work of Elikkawa brings the story of the 
eye-color hormones of Drosophila up to date. 
Starting from the results of tran^lantation expeii- 


the future will be to connect these intermediate 
links with the two opposite ends of the chain. 

The relation of kynurenine and of the cn*^ sub- 
stance to the pigment is by no means dear, al- 
though Kikkawa, as mentioned above, assumes the 
cn'*' substance to be a precursor of pigment. Here, 
however, no major difficulty seems to stand in the 
way of future progress. 


TABLE 2 


Feeding technique (Beadle and 
Law, 1937) 

i 

Effect of tryptophane (Khouvine, 
Ephrussi and Caevais, 1938) 

i 


Non>autonomous differentiation 
of vermilion in mosaics of Dro- 
sophila mdanogasier (Sturtevant, 
1920) 

'i 

Transplantation in Drosophila 
(Ephrussi and Beadle, 1935) 

i 

Transfusion of l 3 anph (Beadle, 
Clancy and Ephrussi, 1937) 

i 

Non-species-specifidty (Ephrussi 
and Hamly, 1936) 

i 

Extraction of v'^’hormone (Khou- 
vine, Ephrussi and Hamly, 1936) 

i 


Bacterial synthesis of v*^hormone 
(Tatum, 1939) 


Purification and study of chem- 
ical properties of the V^hormone 
(Khouvine and Ephrussi, 1937; 
Thimann and Beame, 1937; Ta- 
tum and Beadle, 1938) 




Crystallization of the v'^'hor- 
mone from bacterial s 3 mthesb 
(Tatum and Beadle, 1940) 



Tryptophane metabolism in rab- 
bits (Kotake, 1935) 


v+activity of kynurenine (Bute- 
nandt, Weidel and Becker, 1941) 



Identification of v'''hormone from 
bacterial synthesis with kynu- 
renine (Tatum and Haagen Smit, 
1941) 

Ji- 

Demonstration of kynurenine in 
Drosophila (Kikkawa, 1941) 


ments which led to the postulation of the formation 
in sequence of two diffusible substances represent- 
ing the first known links in the chain of reactions 
connecting the genotype with the character, we 
have now reached the point where a part of this 
chiin can be described in chemical terms (Table 
2 recapitulates the obtained results). The task of 


Bridging the gap between the hormone-Uke 
substances which, at the present stage, are the 
first tangible manifestations of certain genes, with 
these genes, promises to be a much harder task. 
What is known at present of the action of the v'*’ 
gene indeed suggests that this gene intervenes in 
the tryptophane metabolism by producing a spe- 
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dfic oxidizing enzjrme. Thus the problem of 
primary gene activity in this case seems to resolve 
itself into a problem of tnzymt chemistry. 

In so far as the primary genic action is concerned, 
however, we are confronted with more than purely 
practical difficulties. As Sturtevant (1941) puts 
it in discussing the methods of physiological 
genetics in a recent article: 

**there is no a priori reason why the method may not, 
in certain cases, lead to a knowledge of the- primary 
effect of a given gene; the difficulty is that, at present, 
there appears to be no way of deciding the point in any 
given case. That is to say, the chain of developmental 
reactions may be traced back to the gene, but there is 


no way of determining when one has reached the gene*’ 
(p. 48). 

The theoretical difficulty pointed out by Sturte- 
vant is very real indeed. The present writer does 
not think, however, that the efforts along the same 
path should be abandoned. Instructed by the 
lessons of past experience and without under- 
estimating the value of scientific planning, he 
keeps his optimism tmaltered. It is his belief that 
unpredictable experimental situations often are 
the seeds of new insight and new ways of attack. 
Sometimes they do yield a little more than per- 
mitted by the theory. 
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DEVELOPMENTAL PROCESSES AND ENERGETICS 

(Concluded) 

By albert TYLER 

William G» Kerckhoff Laboratories of the Biological Sciences 
California Institute of Technology 
"Pasadena^ California 


m. EVIDENCE OE ENERGY REQUIREMENTS 

6, Respiration and rate of development 
of dwarf embryos 

U N0ER ordinary conditions the oxy- 
gen consumption may be taken as a 
measure of the energy turnover of the 
embryo. On this basis then two 
dwarf embryos should show a greater 
total oxygen consumption than one normal embryo 
when corresponding stages of development are at- 
tained. This increase could result from an in- 
creased rale of oxygen consumption while the rate 
of development remained the same, or it could 
result from a slower rate of development on the part 
of the dwarfs while the rate of oxygen consumption 
remained the same as in the normal embryos. The 
experiments show that the latter is the case. 

The dwarfs in these experiments were produced 
by isolating the blastomeres in the two-ceU stage of 
the sea-urchin egg. By suitable technique suffi- 
cient quantities of embryos could be obtained for 
the respiration measurements. As the data in Table 
2 show, the rate of oxygen consumption (per mg. 
Kjeldahl nitrogen) of the dwarf embryos does not 
differ significantly from that of the normal em- 
bryos. This means that in the same time interval 
two dwarf embryos consume as much oxygen as one 
normal embryo. The dwarf embryos develop, 
however, at a much slower rate than the normal. 
They begin gastrulation at the normal time (at 
about 19 hours in Echinus at room temperature) 
but complete it and pass through later stages at a 
much Slower rate than the controls. The delay in 
tate of development amounts to about 30 to 40 per 
cent. For example, in one experiment it took 
about five and a half hours for the dwarfs to com- 
plete gastulation as compared with four hours in 
the controls. 

Since oxygen consumption goes on at the normal 
rate in the dwarf embryos, and the rate of develop- 


ment is slower, then, to reach the same stage of 
development, two dwarfs will consume more oxy- 
gen than one normal embryo. The increased 
oxygen consumption would amount to about 35 
per cent if we take the beginning of gastrulation as 
a starting point. The expected value for the in- 
creased energy requirement (see above) is 41 per 
cent on the basis of a linear relation between force 
and wall thickness. Too much significance need 
not be attached to the actual figures at present. 

TABLE 2 

Rate of oxygen consumption of dwarf embryos of the 
sea-urchin 
(After Tyler, 1933.) 


EXPBsniEirr 

AGl OF 
BMBKYOB 

XN HOURS 

lATX OF OXYGEN CONSUHPnOH 
IN CU. MX. Ol TKt HOUR FEE 
MO. KJELDAHL NITEOOSN 

Dwsrf 

Nonnml 

A 

15 

21.2 

20.7, 21.5 

B 

19 

26.7 

27.1,25.6 

C 

19 

26.7 

25.5, 25.9 

D 

19 

27.9, 27.1 

27.8,26.9 

£ 

20 

26.7 

26.9, 27.8 

F 

22 

27.0 

27.9,26.2 

G 

24J 

28.1 

29.3,28.3 


The important point is that the dwarf embryos do 
manifest the expected increase in total oxygen con- 
sumption. It seems quite reasonable too that this 
should be done by a retardation in rate of develop- 
ment rather than an increase in rate of oxygen 
consumption. There is no reason to expect the 
separation of the two cells in the two-cell stage to 
cause them to spontaneously increase their rate of 
oxygen consumption (i.e. above the normal rise 
that accompanies development), especially as we 
know that the rate of di&sion of oxygen is not a 
limiting factor in the sea-urchin egg at ordinary 
oxygen tensions (Amberson, 1928; Gerard, 1931; 
Tang, 1933). 
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The slower development of dwarf embryos has 
often been noted (see Tyler, 1933, for references). 
It has generally been attributed to a process called 
regulation which is assumed to require time. Ac- 
cording to the present interpretation regulation 
(or whatever one might call the process which en- 
ables each of the two cells of the two-cell stage, 
when separated, to produce a normal embryo) does 
not require time. If sudi a re-adjustment process 
exists, it must, according to our view, be instanta- 
neous. The slower development of the dwarf is 
regarded as being due to its having more than the 
normal amount of work to perform (per unit mass) 
while the energy supplying reactions (as measured 
by the oxygen consumption) go on at the normal 
rate. 

Dwarf embryos of quarter-size (i.e. from isolated 
blastomeres of the four-cell stage) develop more 
slowly than do dwarfs of half-size. This is to be 
expected on the basis of the present analysis, al- 
though one could invoke regulation (a greater time 
needed for the quarter-size dwarfs) to account for 
it. Another interesting case is that of the dwarfs 
of unequal size produced by Spemann and Falken- 
berg (1919) in the salamander. They found that 
the smaller of the pair of twins developed more 
slowly than the larger partner, and, rather than to 
invoke regulation, they suggested that the retarda- 
tion might be connected with the smaller size. 

On the other hand, Horstadius and Wolsky 
(1936) have found it necessary to use the concept 
of regulation time in some highly interesting work 
on bilateral symmetry in the sea-urchin egg. They 
present evidence for the existence of a bilateral 
organization of the egg in the early cleavage stages. 
In pairs of dwarf embryos that presumably come 
from separating the dorsal and ventral sides of the 
egg it is found that the dorso-ventral axis is in- 
verted in the dorsal partner while it is unchanged 
in the ventral partner. Both develop into normal 
plutei. The dorsal partner, however, is observed 
to develop at a slower rate than the ventral dwarf, 
both developing slower than the whole embryo. 
The greater retardation on the part of the dorsal 
dwarf is interpreted as due to time being required 
for regulation. This difference is not exhibited by 
“ri^t” and ‘‘left” partners, both being about 
equally retarded in comparison with the whole em- 
bryo. Horstadius and Wolsky are of the opinion 
that both factors, regulation time as well as the 
energy relations, may be involved in the retarda- 
tion exhibited by the dwarf embryos, the two views 
not being mutvutUy exclusive. 


Horstadius and Wolsky also found that dwarf 
embryos of one-eighth the normal size could de- 
velop to the pluteus stage. Previous investigators 
have never been able to get embryos from isolated 
blastomeres of the eight-cell stage to go beyond 
gastrulation. As a possible explanation for this 
failure it was suggested (Tyler, 1935) that the 
available energy is used up in the early stages in 
performing the relatively increased work of diff- 
erentiation in one-eighth-sized embryos. This 
was evidently an overstatement since it is now 
shown that the i embryos can reach the pluteus 
stage. The necessary feature, according to Hor- 
stadius and Wolsky, is that the original fragments 
be composed of both animal and vegetal material of 
the egg, and this is accomplished'by operating at 
the 32-cell stage instead of the eight-cell stage. It 
would, however, be of interest to know whether 
there are differences in diameter and thickness of 
wall in the beginning gastrula stage between the 
embryos obtained by these two methods. The 
finding that J embryos can develop to the pluteus 
stage does not by any means conflict with our view, 
since all that we are justified in expecting is that 
they should develop more slowly than the i em- 
bryos, if they bear the same dimensional relation 
to the whole embryo. 

7. Giant embryos 

The viewpoint that we have developed is further 
supported by the behavior of giant embryos. 
Driesch (1900) first showed that normal embryos 
of giant size could be obtained by the fusion of two 
fertilized eggs. On the assumption that time is 
required for regulation then the giant embryos 
should develop more slowly than the controls, 
since there must be at least as much regulation in- 
volved in the production of a single embryo from 
two eggs as in the production of two embryos from 
a single egg. On the other hand the expectation 
from the present analysb is that the giant embryos 
should develop more rapidly than the controls. 
Experiments undertaken to test this (Tyler, 1935) 
showed that the latter is the case. 

The experiments were performed on eggs of three 
different species of sea-urchin. The eggs were 
fused in the one-, two-, or four-cell stage. Most of 
the fused eggs develop into double monsters of 
various sorts. Normal giant embryos were ob- 
tained from the fused eggs in fourteen cases. Ten 
of these developed faster than the controls and four 
developed at the same rate as the controk. None 
developed slower. The acceleration can be ob- 
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served in the gastrula stage as Fig. 2 illustrates. In produced giant and dwarf embryos by cutting two 

later stages the difference in rate becomes more beginning gastrulae of Triton parasagittally, one to 

marked. Thus, in the case showing the biggest the left, the other to the right of the mid-line, and 

difference in rates, the giant completed gastrula- fused the two larger pieces together as well as the 

tion at 26 hours after fertilization as compared with two smaller pieces. In the cases in which both 

30 hours for the control, and entered the pluteus fused embryos developed normally, the giant em- 

stage at 45 hours as compared with 64 hours for the bryo developed markedly faster than the dwarf 

control. The average for all the cases observed embryo. 



Fig. 2. Normal (a to e) and Giant (a^ to e') Sea-urchin Embryos of Identical Ages 
The more rapid development of the giants is manifest in the late gastrula and prism stages (c, c' and d, dO- 
The plutei (e and eO were drawn at 3} days, but the giant entered this stage at 64 hours and the normal at 82 
hours. (After Tyler, 1935.) 

(including the four showing no increase) amounted Another instance that may be cited is the faster 
to 1.4 times the control rate if the beginning of gas- development of giant limbs which Filatow (1932) 
trulation is taken as the starting point. Thenum- observed. By grafting a limb-bud of one sala- 
ber of cases is, of course, not sufficiently large to mander embryo on to that of another embryo in 
attadi much quantitative significance to this value, the same stage a normal giant limb could be pro- 
The main point is that the giant embryos do de- duced and it was found to differentiate more 
velop more rapidly than the controls. rapidly than the control limb on the unoperated 

This more rapid development on the part of giant side. This result, too, fits in with the view that 
embryos was noted by Spemann and Bautzmann there is relatively less work of differentiation in 
(1927) in some experiments on salamander ^gs relation to the energy supplied in the case of the 
performed with other purposes in view. They giant structure. 



342 


TEE QUARTERLY REVIEW OF BIOLOGY 


Filatow also produced giant eyes by fusing pre- 
sumptive optic cup material. But in this instance 
no acceleration was observed; neither was there a 
retardation. The difference may be that the optic 
cup develops within the embryo and so the enlarged 
structure may encounter greater resistance on the 
part of the adjacent, normal-sized structures, 
whereas the limb grows out from the embryo and 
is relatively free of such resistance. 

8, Thick-waUed embryos 

In the dwarf embryos from isolated blastomeres 
the wall thickness, in the blastula and gastrula 
stages, is the same as in the normal. It is there- 
fore proportionately too thick. In the giant em- 
bryo the wall thickness is again the same as in the 
normal embryo, hence relatively too thin. For 
further investigation of this factor of relatively in- 
creased wall thickness it would be desirable to have 
thick-walled embryos of normal size. It was found 
in echinoderms (Tyler, 1937) that embryos having 
in the blastula and gastrula stages thicker than 
normal walls, could be produced by relatively 
simple treatment of the eggs. 

These embryos develop from what are called 
“tight membrane eggs”, which are simply eggs in 
which the fertilization membrane fails to separate 
off from the surface but remains closely adjacent to 
the egg. Tight membrane eggs are produced by 
short treatment with add sea water or isosmotic 
non-electrolyte solutions. They sometimes occur 
^ntaneoudy. The tight membrane eggs devdop 
into normal plutei, but the early stages are con- 
siderably modified. The presence of the tight 
membrane around the egg opposes the increase in 
diameter that normally takes place as the blasto- 
cod forms. Thus at the time of hatdiing the 
Uastocod is considerably smaller and the wall cor- 
respondingly thicker than normal. The difference 
is maintained through the gastrula stage, although 
both tight membrane embryos and normal em- 
bryos are continuously increasing in diameter and 
decreasing in wall thidmess. 

At gastrulation, then, the tight membrane em- 
bryo (Fig. 3b0 has a thicker wall than the control 
(Fig. 3b), but it is also smaller in diameter. It does 
not, therefore, quite meet the requirements we 
have set. We can, nevertheless, state our expec- 
tations^ as to its rate of devdopment. Proceeding 
as before a normal embryo is compared with a 
hypothetical embryo of the same dimeter as the 
membrane embryo but with a proportion- 


atdy normal wall thickness. Then this hypotheti- 
cal embryo is compared with the actual “tij^t 
membrane” embryo. Without going through the 
details it may be stated that for dmilar form 
changes (gastrulation, etc.) the “tight membrane” 
embryo should require more energy than the nor- 
mal. If the rate of energy supply is the same in 



Fig. 3. Normal (a to d) and Thick-walled (a' to dO 
Sand Dollar Embryos of Identical Ages 
The typical retardation in rate of development of 
the thick-walled embryos is shown in the gastrula and 
prism stages (c, c' and d, dO. (After Tyler, 1937.) 

TABLE 3 

Retardation of *%gkt membrand* embryos of DendrasUr 


(After Tyler, 1937.) 


•XAOB or DIYXLOPMXNT 

AVZIAOB TXMB 
or Divnop- 
WaiT AT 20*c. 

OfClBAaB 
IN TIMS 

raOMTBB 
BBODnilNO 
or OA8TKIJ- 
LATION 

Nonnal 

Tight 

mem- 

brane 


hours 

hours 

Ptr eout 

Beginning gastrula 

12 

12 

0 

i gastrulated 

14 

16 

100 

i gastrulated 

15 

19 

133 

Early prism 

16 

22 

150 

Late prism 

21 

26} 

61 

Early pluteus 

23i 

31 

65 

Late pluteus 

52 

68 

40 


both then the “tight membrane” embryo should 
develop slower than the normal 
This is in fact found to be the case. The ti^t 
membrane eggs show the same rate of respiration 
as the controls while they devdop at a much slower 
rate. The retardation in development is illus- 
trated in Fig. 3. Gastrulation begins at the same 
time in both but is completed mudi sooner in the 
normal embryo. The retardation is proportion- 
atdy greater in the gastrula and early prism stages 
than in the later stages, as Table 3 shows. It 
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differs in this respect from the results with dwarf 
embryos where the retardation remains propor- 
tionately the same in all stages. This difference 
is probably due to the fact that the tight membrane 
egg finally attains, in the pluteus stage, the normal 
dimensions. There are other complicating factors 
in the ^'tight membrane” embryos such as the ab- 
normal distribution of the mesenchyme ceUs which 
may have an effect on the rate of development. 
Until the effect of such factors are assessed it is not 
profitable to attempt to push the analysis much 
further. All we can say at present is that the find- 
ing that development is retarded in these embryos 
while the rate of respiration is unaltered agrees 
with the expectation on the basis of the dimen- 
sional reasoning. 

TABLE 4 

Temperature coefficients for cleavage and later stages of 
development of sand-doUar (Dendraster) eggs 
(After Tyler, 1936a.) 



15.07 

25.0* 

12.07 

22.0* 

8.07 

18.0* 

15.07 

20 . 0 * 

10.07 

15.0* 

2 -ceU stage 

4-, 8 -, and 16- 

2.21 

2.82 

3.88 

1.62 

2.01 

cell stages 

2.24 

2.80 

3.82 

1.60 

1.96 

Gastrulation 

2.20 

2.79 

3.98 

1.60 

1.99 

Prism 

2.17 

2.79 

3.86 

1.63 

2.04 

Pluteus 


2.84 

3.94 

1.65 

2.03 


The figures give the averages of the ratio of the time 
to reach a particular stage at the lower temperature to 
the time at the higher temperature. 


IV. EFFECT 07 TEMPERATURE ON RATE OF CLEAVAGE 
AND RATE OF DIFFERENTIATION 

Change in temperature will, as is well known, 
alter the rate of development. It is conceivable, 
then, that the processes of differentiation, growth 
and maintenance might be differently affected by 
change in temperature. But in experiments on 
the eggs of several marine animals (TVler, 1936) no 
evidence was found of a differential effect. We 
assume as before that cleavage is an index of 
growth in the type of egg under consideration. 
The results show t^t change in temperature affects 
the rate of attainment of the various stages of 
differentiation to the same extent as it affects the 
rate of cleavage. This is illustrated in Table 4 for 
the eggs of the sand-dollar. The range of tempera- 
tures employed practically covers that in whidi 
development is normal. Similar results were ob- 


tained with the eggs of sea-urchins {Strongylocen- 
kotus and Lyteckinus)^ ascidians (dona) and 
worms (Urechis), 

The results were checked in another way; 
namely, by determining the number of cells present 
in embryos reared at two different temperatures 
when identical stages of differentiation are at- 
tained. If cell division and differentiation are 
differently affected by temperature there should be 
differences in cell number in embryos raised at 
different temperatures. The determinations of 
cell number show no significant differences. We 
may conclude, then, that growth and differentia- 
tion cannot be dissociated by means of tempera- 
ture, at least within the normal range. 

Experiments employing supramaximal tempera- 
tures have been performed on frog embryos by 
Hoadley (1938) who also reviews earlier work on 
the subject. Among a number of interesting 
effects Hoadley notes a suppression of gastrulation 
while cell division continues (as evidenced by the 
resulting small cells) as a result of transferring 
early blastulae to the higher temperature. An- 
other effect noted is a retarded utilization of yolk 
in some of the high temperature embryos. There 
is, then, as Hoadley points out, evidence that the 
various developmental processes may be dissoci- 
ated by this means. Recently Ryan (1941b) has 
presented evidence that in the frog some dissocia- 
tion can be effected by temperature within the 
normal range. He finds that the temperature 
coefficients for stages of embryo formation differ 
from those for cleavage stages, although the co- 
efficients are constant within the various cleavage 
stages, as well as within the various later stages. 

V. EFFECT OF TEMPERATURE ON RATE OF 

RESPIRATION AND RATE OF DEVELOPMENT 

It is of interest to know whether the rate of res- 
piration (which we assume measures the rate of 
energy supply) varies in the same way with change 
in temperature as does the rate of development. 
In the earlier work the results are conflicting. 
More recent experiments (Tyler, 1936; Atlas, 1938) 
show that the temperature coefficients for rate of 
respiration and rate of oxygen consumption are the 
same. This is illustrated in Table 5, which gives 
some of the data obtained with eggs of the sea- 
urchin. Identity of the temperature coeffidaits 
means that during the same developmental period 
at different temperatures there will be the same 
total oxygen consumption, and that is what the 
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figures in Table 5 show. Similar results are ob- 
tained with sand-doUar, worm, ascidian and frog 
eggs. 

Regardless, then, of the temperature (within the 
normal range) an embryo will consume the same 
amount of oxygen in reaching a given stage of 
development. There is no optimum temperature 
at which development is accomplished with a mini- 
mum respiration. 

The results may be interpreted to mean that 
change in temperature does not alter the propor- 
tions in which the available energy is utilized by 
maintenance, growth and differentiation, or that 
there are compensatory changes in the require- 
ments for these processes. The latter seems un- 
likely but the possibility cannot be readily dis- 
missed. 


eggs do not differ significantly over most of the 
temperature range in whidi development occurs. 
At the lower temperature intervals there may in 
some cases be significant differences, but there are 
not sufficient data to determine this point. In the 
different species investigated the change in rate of 
respiration upon fertilization varies considerably, 
but this apparently bears no relation to the values 
of the temperature coefficients. 

Bodine (1932) determined the temperature co- 
efficients of the rate of oxygen consumption of 
diapause (resting) and developing grasshopper 
embryos. The rate of respiration is greatly re- 
duced in the diapause stage as compared with the 
pre- or post-diapause stages, but the temperature 
coefficients are found to be the. same. 

The similarity of the temperature coefficients of 


TABLE 5 

Oxygen consumed by eggs and embryos of the sea^ckin (Strongylocentrotus) during the same devdopmenkd 

period at different temperatures 
(After Tyler, 1936b.) 


Tmx Ansa iiitzlization at 
STAIT or 1CEA817XEMEMT8 

TE1CPKSATUU8 

USPIXATION THIS 

cu. mi. oi ni MO. soo 

NITAOOEN 

Higher 

Lower 

Higher temp. 

Lower temp. 

Higher temp. 

Lower temp. 


•c 

•c 

hours 




45 minutes 

20 

15 



6.7, 6.8 

6.2, 6.6 

35 minutes 

20 

10 



6.4, 6.3 

6.5, 6.1 

50 minutes 

20 

7.5 



6.4, 6.3 

6.2, 6.3 

18i hours 

20 

15 

3.0 

4.11 

65,67 

68,69 

21 i hours 

20 

15 

3.0 

4.11 

72, 75 

75, 77 


The rate of respiration of unfertilized eggs is also 
known to vary with temperature. Since an un- 
fertilized egg may be considered a resting cell it 
should exhibit simply maintenance (basal) metab- 
olism. This does not mean that its respiratory rate 
should be lower than that of the fertilized egg. In 
fact Whitaker (1933) has shown that in some spe- 
cies the rate is higher before than after fertilization. 
We might, however, expect the temperature co- 
efficients of the respiratory rate to be the same in 
unfertilized as in fertilized eggs. This was investi- 
gated in some experiments on marine eggs by 
Rubenstein and Gerard (1934) and by Tyler and 
Humason (1937). While there are differences in 
the results of the' two sets of investigations that 
need yet to be resolved, we shall use the data of the 
lattet investigators as a basis for discussion. Table 
6 summarizes most of the data. The temperature 
coefficients of the resting and of the developing 


TABLE 6 


Temperature coefficients {average QWs) for rate of oxygen 
consumption of resting and of developing eggs 
(After Tyler and Humason, 1937.) 



TEKPEKATUBES 

BX8TINO 

E008 

DEVEL- 

OPING 

EOG8 

Strongylocentrotus 

22® and 12®C 

2.54 

2.4 


20" and 10®C 

2.6 

2.3 


18® and 8®C 

2.6 

2.6 


17.5® and 7.5®C 

2.7 

2.8 

Urec/ns 

22® and 12®C 

2.6 

2.7 


20® and 10®C 

2.5 

2.9 

Ciona 

25® and 15®C 

1.9 

2.2 


22® and 12®C 

2.0 

2.5 

Dendraster 

22® and 12®C 

2.6 

2.8 
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the respiratory rate in unfertilized and in fertilized 
eggs does not quite answer the question as to the 
possibility of compensating effects which was men- 
tioned above. In adult physiology the mainte- 
nance (basal) metabolism is measured by the 
respiration or the heat production under “resting” 
conditions. It is tacitly assumed that the measure- 
ments give the amount of energy actually required 
under the particular conditions; that is, that there 
is an exact adjustment between requirement and 
production. It is difficult to regard the situation 
in any other way. An adjustment of this kind 
seems to be illustrated in muscle physiology by the 
“Fenn effect” (Hill, 1931). Fenn (1924) showed 
that if a muscle is allowed to shorten and do work 
the total energy at its disposal is greater than when 
it contracts isometrically, i.e. without doing work. 
But to determine whether this sort of thing occurs 
in the case of maintenance we would want to know 
what the maintenance requirements are or at least 
how they would vary with changing conditions 
(temperature, etc.). 

We have regarded maintenance as the processes 
opposing the death of the cell. The unfertilized 
egg, as we know, dies within a limited time after 
being shed. A study of the life span and respira- 
tion of unfertilized eggs under various conditions 
might then be expected to yield further information 
concerning these processes. Recent work on this 
subject (Whitaker, 1937; Schechter, 1937; Tyler, 
Ricci and Horowitz, 1938) shows that the life span 
may be prolonged in various ways without neces- 
sarily altering the respiration. But this work does 
not as yet add very much to our knowledge of main- 
tenance. 

VI. THE RISE IN RESPIRATORY RATE DURING 
DEVELOPMENT 

We have regarded the developmental changes 
as dependent on the respiration, the rate of oxygen 
consumption being taken as a measure of the en- 
ergy available for the various processes. We may 
consider now the possibility that the developmental 
changes determine in turn the rate of respiration. 

It has been known, since the measurements of 
Warbufg (1908) on sea-urchin eggs, that the rate 
of respiration rises during development. The in- 
crease in rate is not directly proportional to the 
increase in number of cells (cf. Needham, 1931). 
It might, nevertheless, depend upon changes 
brought about by cell division. To examine thb 
question we would want to block or retard cleavage 


by some agent that does not alter the initial respi- 
ration. Tliat is, we must exclude a direct effect of 
the agent employed on the rate of respirationu 
Then if the rise is subsequently affected it may be 
related to the failure of the cleavage processes^ 
These conditions have been met in some recent 
experiments by Brachet (1938) and Tyler and 
Horowitz (1938). 

Brachet found that if eggs of the annelid, Chae- 
topterusy are activated with KCl the initial respi- 
ration is the same as that of the fertilized eggs but 
the increase in rate occurs much more slowly. The 
eggs activated with KCl undergo what has been 
called “differentiation without cleavage” (Lillie, 
1902). Actually, mitotic processes do occur in 
these eggs. Pasteels (1934) and Brachet (1937) 
have shown that the eggs after extruding polar 
bodies undergo a series of monaster cycles during 
which there is an increase in number of chromo- 
somes and lobulations simulating cleavage. But 
the furrows disappear. The various changes and 
the attainment of the ciliated trochophore-like 
stage proceeds much more slowly than in the case 
of the fertilized egg. Also thymonucleic acid syn- 
thesis, which may be taken as a chemical index of 
mitotic activity, is greatly retarded in the treated 
eggs. The retarded rise in rate of respiration 
roughly parallels the retardation in the develop- 
mental changes. 

Tyler and Horowitz obtained quite similar re- 
sults with eggs of the gephyrean worm," Urechis, 
The non-cleaving eggs were produced in this case 
by means of a short treatment with dilute am- 
monia. Here again the initial respiration is the 
same as that of the fertilized eggs but the rise is 
greatly retarded (see Figs. 4, A, A', B, B'). In 
addition measurements were also made on cleaving 
eggs produced by means of a somewhat longer 
treatment with ammonia. In this case the rise in 
respiratory rate (Figs. 4, C, C') is more rapid than 
with the non-cleaving eggs, but it is still consider- 
ably slower than with the fertilized eggs. Cleav- 
age in these eggs is correspondingly slower than in 
the fertilized eggs. Measurements were also made 
on fertilized eggs in which cleavage is inhibited by 
means of phenylurethane (Figs. 4, D). With the 
proper concentration of phenylurethane cytoplas- 
mic division may be inhibited without any immedi- 
ate effect on the respiratory rate. Nuclear divkkm 
continues but at a retarded rate. Again the rise 
in respiratory rate is retarded. 

If it were possible to block completely the mitotic 
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activity without altering the initial respiration one 
would expect complete failure of the rise to occur. 
But that is a rather ideal situation which is evi- 
dently not easily attained. The present results, 
however, furnish strong evidence that changes 
brought about in the egg by its developmental 
activity determine the rate of respiration. On the 
assumption that mitosis is an index of growth in 
this type of egg we might regard the rise in respira- 
tion as a function of growth. 

Eariier than the above-mentioned experiments 
Lindahl (1936, 1938) has shown that Lithium in- 


substrate during the period of combustion of an- 
other. In sea-urchin eggs he (1940b) has further 
examined the respiratory rise by artificially pro- 
ducing DauerblasMae through the action of thio- 
cyanate. The respiratory rate of the Damrblas- 
tulae does not rise above the level characteristic of 
the normal blastuk. Here again the initial 
respiration is unaffected by the treatment and the 
failure of the rate to rise above the blastula level 
is evidently the result of the inhibition of develop- 
ment that occurs at that stage in the thiocyanate- 
treated eggs. 
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Fio. 4. Rate of Oxygen Consumption of Urechis Eggs at 22®C. 

Curves A and normal fertilized eggs; B and non-cleaving artificially activated egn; C and C', 
cleaving artificially activated eggs; D, phenylurethane-treated eggs. A', B' and C' are not airect continua- 
tions of A, B and C since the eggs had been cultured at a lower temperature (18^C) for 11 hours previous to 
the measurements. (After Tyler and Horowitz, 1938.) 

hibits the rise in rate of respiration of the sea- 
urchin egg while the initial rate is unaffected. This 
is of particular interest because of the rather spe- 
cific morphological effects of Lithium (exogastru- 
lation, etc.) and Lindahl attempts to relate the re- 
taidation of the rise to the “endodennalising” 
effect produced. It may be noted, however, that 
Lithium has a decided retarding influence on devel- 
opment, as MacArthur (1924) and others have 
shown. But no information is given by Lindahl 
as to the rate of cleavage, etc. of the treated eggs. 

A careful study has been made recently by Horo- 
witz (1940a) of the rise in respiratory rate and the 
respiratory quotient of developing eggs of Urediis. 

His findings extend to this type of egg Needham’s 
view d a succession of energy sources in ontogeny, 
resulting from factors qperating within the develop- 
ing tissues and not alterable by the addition of one 


vn. OXYGEN DEBT 

One of the reasons for considering the rate of 
oxygen consumption as an index of the energy sup- 
plied is that development stops under anaerobic 
conditions. There is, however, evidence that the 
cessation of development does not occur immedi- 
ately upon the attainment of complete absence of 
oxygen (cf. Needham, 1931). Thk limited devel- 
opment under anaerobic conditions would be a 
serious objection to the view that oxygen consump- 
tion is a measure of the energy supply, unless it can 
be shown that the egg builds up a debt for oxygen 
equivalent to the amount of development it under- 
goes. 

This question has been investigated by Brachet 
(1934) on eggs of the frog, and he finds convincing 
evidence of the existence of an oxygen debt. De- 
veloping eggs that have been subjected to anaero- 
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biosis show upon return to air a much hi^er rate 
of oxygen consumption thin the controls. After 
a short time the rate drops to the control value, 
indicating that the debt has been paid ofi. Brachet 
also notes that with identical periods of anaerobio- 
sis the intensity of the debt does not increase in the 
course of development, although as we know the 
rate of respiration rises. This is of interest in 
connection with the fact that greater development 
tal progress is made when eggs are subjected to 
anaerobiosis in earlier stages than in later stages of 
development. While Brachet has not shown that 
the total oxygen consumed to reach a given stage 
in development is unaltered by the introduction of 
a period of anaerobiosis, his results make that ex> 
tremely likely. 

Whether the debt corresponds to the oxidation 
of metabolites accumulated during anaerobiosis or 
to the reconstitution of an oxidising reserve was 
examined by determining the respiratory quotient 
after anaerobiosis. In the latter case (which is 
essentially an oxygenation without CO 2 produc> 
tion) the R.Q. should be abnormally low, and that 
is what is actually found. 

vm. CAN DEVELOPIfENT BE ACCELERATED? 

A question that often occurs to embryologists is 
whether it is possible to speed up the rate of devel- 
opment above that at the hipest temperatures 
that an egg will stand. It is, of course, well known 
that the time of metamorphosis of amphibian tad- 
poles can be advanced by the administration of 
thyroxin and other agents. But we do not regard 
this as an acceleration of development. The work 
of Rowntree (1936, 1937) and his collaborators on 
the effect of injecting thymus extract in rats 
through succeeding generations are perhaps more 
to the point. But the results do not appear to be 
as yet generally accepted. 

An acceleration of development foUowing inhibi- 
tion has been reported recently by Buchanan (1938, 
1940) in salamander embryos. If the embryos are 
subjected to a low temperature (6®C) for short 
periods (up to 6 days), it is found that on subse- 
quent development at the control temperature 
(21®C) they practically overtake the controls by 
the time tl^t stage is readied at which the bal- 
ancers are lost. Accderation is noted in earlier 
stages too. Buchanan’s methods have been criti- 
cized by Ryan (1941a) who in turn, however, pre- 
sents statistical evidence that the rate of cleavage 
and of later developmentin Ranapipiens is acceler- 


ated by an exposiure to low temperature. He also 
reports an acdimatization after the increase in rate 
so that eventually the rate becomes that which is 
normal for the higher temperature. 

Aside from these cases that have been mentioned 
there does not appear to be any evidence that de- 
velopment can be accelerated. There are several 
agents such as certain oxidation-reduction dyes 
(Barron, 1929; Runnstrdm, 1930) and the substi- 
tuted phenols (Clowes and Krahl, 1936, 1938) that 
are known to increase greatly the rate of respiration 
of developing eggs. But these agents rather than 
tending to accelerate development, either have no 
effect or inhibit it. There are a number of possible 
reasons why the acceleration of respiration should 
not necessarily result in a speeding up of develop- 
ment, even if we grant that the energy for develop- 
ment comes ultimately from the respiration. The 
stimulation by these agents might involve a short 
circuiting of the energy supplying mechanism. Or 
there may be concomitant injurious effects on the 
^gs. This seems to be particularly the case with 
the oxidation reduction dyes that have been em- 
ployed, the concentrations giving a stimulation of 
respiration having a toxic action on the eggs. With 
the substituted phenols, however, no injurious 
effect is produced. 

Another possibility appears in the results of 
Runnstrdm’s interesting experiments with respira- 
tory stimulants. Runnstrom (1935) shows that 
pyocyanine stimulates only part of the respiration 
of the fertilized sea-urchin egg. The j^rt of the 
respiration stimulated by pyocyanine is not in- 
hibited by HCN and appears thus to be similar to 
the respiration of the unfertilized egg. Also, 
according to Lindahl and Ohman (1938) the 
amount of stimulation with pyocyanine decreases 
as the respiration rises (i.e. as development pro- 
ceeds). It would seem then that this type of 
agent acts on a part of the respiration not directly 
concerned with the developmental changes. 

The exact reason for the failure of these agents 
to work may very well be different in each case. 
It would, nevertheless, be of interest to determine 
the reason in order to learn what kind of treatment 
might be expected to accelerate development as 
well as to learn something of the nature of embry- 
onic respiration. Possibly a substance less foreign 
to the egg should be employed. It has in fact been 
reported that echinodirome, which is obtained 
from the eggs, the blood and the test of sea-urdiins, 
gives a 16-fold rise in the respiratory rate of the 



348 


THE QUARTERLY REVIEW OF BIOLOGY 


unfertilized sea-urdiin egg (Friedheim, 1933). 
This is far greater than has been obtained with any 
other agent ever employed. However, attempts 
(Tyler, 1939) to repeat these results have been 
unsuccessful. 

While a stimulation of respiration need not 
result in a speeding up of development, a lowering 
by inhibiting agents should give a corresponding 
retardation in developmental rate provided that 
any oxygen debt that may be incurred is taken into 
account. There are a number of agents that are 
known to inhibit the respiration in a more or less 
reversible manner (e.g. cyanide, carbon monoxide, 
etc.). They also retard development. But 
whether the effect on development corresponds 
exactly to the effect on the respiration has never 
been determined. One reason is evidently that 
development cannot be slowed up very much with 
the chemical agents so far employed without in- 
jurious effects. More suitable agents are appar- 
ently required. 

Considerable progress has been made in recent 
years in the elucidation of the mechanism of cellu- 
lar respiration and fermentation. Ferments, ac- 
tive groups and protein carriers have been isolated 
as pure substances by Warburg and his collabora- 
tors, Theorell, Euler and others (see reviews by 
Warburg, 1937; Michaelis and Sm 3 rthe, 1938; 
Northrop and Herriott, 1938). With these sub- 
stances respiration and fermentation systems can 
be set up in vitro in which carbohydrate is broken 
down in quite specific ways. The cell structure is 
unessential for the reactions to proceed, since they 
go on in aqueous solution. But it is evidently 
essential for the transfer of energy and the coordi- 
nation of the metabolic processes. Runnstrdm 
(1937) has recently reviewed the relatively little 
work that has been done on the relation between 
cell structure and metabolism. While there are 
no general conclusions yet to be drawn, it is from 
investigations in this field that we may hope to 
learn something of the mechanism of energy trans- 
fer and utilization. This would be of importance 
not only in determining how development may be 
accelerated, but in further analysis of the factors 
responsible for the developmental changes. 

DC. SUMMARY 

An attempt has been made in this review to de- 
fine ^the various fundamental processes that are 
involved in develc^ment, and to evaluate the evi- 
dence concerning their disdociability as a prelimi- 
nary to a discussion of the energy requirements of 


differentiation in particular. The evidence ob- 
tained from observations on developing embryos 
under naturally occurring, as well as experimentally 
produced, conditions is shown to afford justification 
for distinguishing between the processes of main- 
tenance, growth and differentiation (and its com- 
ponents) in development. At the same time the 
close integration of these processes in normal devel- 
opment and the conditions under which they are 
inter-dependent are manifest in many of the 
experiments discussed. 

A theoretical discussion is presented of the en- 
ergy requirements in development and more espe- 
cially for the processes of differentiation since it is 
that which characterizes the developing embryo. 
This is considered from the point of view of the 
chemical changes (synthesis) and mechanical 
changes (alterations of shape) that may be in- 
volved. The type of information needed and the 
difiBculties involved in a direct demonstration and 
evaluation of the requirements are shown to point 
toward the desirability of an indirect method of 
attack. This is supplied by the application of the 
principle of similitude (dimensional analysis) to 
the results of experiments with dwarf embryos. 
The general applicability of this principle to other 
problems of biodynamics is indicated. In the case 
of embryonic differentiation the work shows the 
existence of a distinct energy requirement for the 
process, and the conclusion is shown to be substan- 
tiated in experiments with giant embryos and 
thick-walled embryos. 

The action of temperature on rate of develop- 
ment and rate of respiration is discussed from the 
point of view of the developmental processes and 
energy requirement vs. production. It is shown 
that there is no optimum temperature at which 
development is accomplished with a minimum of 
respiration. 

The normal rise in respiratory rate that occurs 
during development is shown to be dependent upon 
changes brought about by cell division. The exist- 
ence of the ability, on the part of developing eggs, 
to build up a debt for oxygen is demonstrated and 
objections to the view that oxygen consumption is 
a measure of the energy supply are thereby re- 
moved. The possibility of accelerating develop- 
ment is examined particularly in relation to 
respiratory stimtilants. 

I wish to acknowledge my indebtedness to Professor 
T. H. Morgan who has read the manuscript and made 
many hdpfifi suggestions. 
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NATI SUNT MURES, ET FACTA EST CONFUSIO 
Being a review of Voles, Mice and Lemmings: Problems 
in PopvlaHon Dynamics, by Charles Elton. (Oxford 
University Press, New York: Clarendon Press, Ox- 
ford, 1942. Pp. 496.) By G, Evelyn Hutchinson, 
Yale University. 

The name of Elton has been associated with studies on 
populations of small mammals for nearly twenty years 
and it is therefore with eagerness that an ecologist takes 
up this monumental volume which, produced after two 
years of war, still maintains in its material aspects the 
distinction to be expected of its publishers. Here, hid- 
den in close to five hundred pages of text, must lie the 
secret of the lemmings and in this great work we may 
hope to find exposed the working of that strange metro- 
nome that seems to regulate the animate beings of 
arctic lands. A first reading, however, leaves a sense 
of disappointment; in spite of the continuous activity of 
Elton and his associates, he can only '^begin to see vole 
populations in dynamic terms: with numbers, rates of 
increase, life-curves, and movements interwoven into 
a pattern that ten or twenty years’ further work may 
enable us to understand completely.” All this inunense 
labor is then preliminary, is the reconstruction of the 
historic background, the elaboration of technique. The 
main investigation has yet to come. Meanwhile, every 
student of animal population will be grateful for these 
studies, which provide the most comprehenfive existing 
body of data on the periodic fluctuations of any group 
of animals. 

The book is divided into four parts. The first is a 
review of previous work on murid populations, in Cen- 
tral Europe, the Soviets, North America, and certain 
other parts of the*world. The effects of biological con- 
trol, in Ftance particularly, are considered; the sum- 
maiy of the Russian investigations is most illuminating; 
Hamilton’s studies are naturally regarded the most sig- 
nSficant oontributions from the United States. The 
second part is devoted to Britain and Scandinavia, and 
deals with the work of Elton’s own Bureau of Animal 


Populations at Oxford and with the Norwegian lem- 
ming. The whole of the rest of the book is devoted to 
an immensely detailed account of the periodicities found 
in northeastern arctic Canada, Part 3 being limited to 
northern Labrador, Part 4 to Ungava. No detail that 
might be relevant seems to be omitted; everything 
cognate to the subject is here, the shiny leaves of the 
mountain laurel, the starving Indian, the apt quotation 
from Bridges. Yet on page 4S2, after a discussion of 
epidemic diseases in sledge-dogs, the work suddenly 
ends with an allegory of nine lines. A few more facts 
are added in an appendix and the volume completed 
with a somewhat unsatisfactory index. The final sec- 
tion, the integration of the material that might have 
been expected, is nowhere to be found; the war may 
have prevented a concluding section from being writ- 
ten, but the whole tenor of the work suggests that Elton 
prefers each reader to construct mentally such a chap- 
ter for himself. This is a difficult task, particularly 
for the reviewer, who must think publicly. Like some 
aboriginal woodman who has learned to know intui- 
tively the whole puzzling geography of an immense 
forest, Elton finds his way easily through thick under- 
growth of detail, without any intellectual map to guide 
him. The less practiced reader must digress to set the 
problems somewhat more abstractly than his guide is 
willing to do. 

The fundamental question can be expressed simply 
enough. In many parts of the world small rodents 
multiply, becoming excessively numerous, and often 
very destructive, in certain years, after which the popu- 
lation suddenly declines. These increases may appear 
sporadically, but usually there is a clear indication of 
periodicity in any given locality, and in almost every 
region where the matter has been studied, the interval 
between maxima tends to be three to four years. The 
problem we must set ourselves is to ascertain the causes 
of this periodic increase and decline. 

In constructing an intellectual map as a guide to the 
possible solutions of the problem we may first notice 
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that, if the numbers of any animal depend on the repro- 
ductive potential of the population of the preceding 
generation and on the environmental resbtance, and if 
the reproductive potential of the individual is con- 
sidered constant while the environmental resistance 
fluctuates with the meteorological conditions, we shall 
have a fluctuating population. Any given departure 
from the mean meteorological conditions will have, in 
any locality, a definite probability of occurrence, and if 
no secular changes are occurring in the climate, the 
departure in one year is independent of the departure in 
any other. As we suppose that both climate and num- 
ber of parents available determine the population, the 
occasional chance appearance of **runs” of favorable or 
unfavorable meteorological conditions will permit the 
buUding up of large populations, or cause progressive 
declines. Over a long period of time the mean interval 
between such maxima or minima will tend to the same 
value as the mean between maxima or minima observed 
over another long period, or in another locality, where 
the frequency distribution of meteorological probabili- 
ties is the same. This principle we shall call statistical 
quasiperiodicity. It introduces a note of caution into 
all work on animal numbers; many of the less regular 
periodicities, such as the so-called 5-7 year cycle in 
partridge and grouse in Great Britain, may be of such 
a kind. Elton’s data on the voles clearly represent 
something more regular than this. 

If we have a real periodicity, it may presumably be 
due ‘to cyclical events outside the ecosystem or to the 
generation of cycles by mechanisms inside the biological 
system, the former condition corresponding to forced 
vibrations in mechanics, the latter to free vibrations. 
In the case of two isolated but climatically and geo- 
graphically close populations of an animal, if the perio- 
dicity is externally determined or forced, the fluctua- 
tions in the two populations may reasonably be expected 
to be synchronous. In more remote regions, the oscilla- 
tions might show a constant phase diflerence, but any 
irregularities in one region should correspond to irregu- 
larities in another. If the oscillation is free, there is no 
reason why the two populations should fluctuate in 
phase or with correspondence in their irregularities. 
The exact number of possible ways in which free fluc- 
tuations may occur is hard to ascertain a priori, but 
most cases probably reduce formally either to the sym- 
metrical, so-called classical oscillations involved in the 
prey-predator relationship (Lotka-Volterra periodicity, 
developed in a different form by Nicholson and Bailey) 
or to the relaxation oscillations of Cause. Cause’s 
theory involves the building up of the population to a 
certain critical level, after which it becomes unstable 
and declines suddenly, the most obvious causes of the 
decline being exhaustion of food, or abnormal oppor- 
tunities for the spread of epidemics, when the critical 
density is reached. A final word of warning is needed; 
it is tempting to suppose a multiple causality, and this 
is no doubt correct, but it is clear that one must not 


postulate interaction of periodic causes with different 
periods, not multiples of each other, and then hope to 
obtain a highly regular set of maxima. This has been 
done in the past by authorities who should have known 
better. 

The facts that Elton and his predecessors appear to 
have determined are these: 

(a) Over large tracts of land the periodicities often 
appear to be synchronous; this is the case over northern 
Labrador and Ungava. But when northern Labrador 
and Norway are considered, Elton, who formerly be- 
lieved synchronism to exist, now merely states that he 
had hoped to make a comparison; although no such 
comparison apparently is made in the text, it is easy 
to see that there is no evidence for an identity in phase. 
This, however, does not exclude synchronism alto- 
gether, because the best data for comparison relate to 
a derived element, the number of foxes killed, and the 
maxima in foxes may either coincide with or follow by 
one year, the maxima in lemmings and voles. Casual 
examination, without detailed statistical analysis, sug- 
gests to the reviewer that it is actually very unlikely 
that the maxima of the primary population of rodents 
are in phase in the New and Old Worlds. Further 
analysis of the distribution in the two series of abnor- 
mally long or short periods (3 or 5 years) might, how- 
ever, be made. In spite of the huge distances involved 
in Labrador and Ungava it is uncertain that a syn- 
chronism significant in separating internal from external 
causation, can be established on a continuous land mass. 
In Great Britain, and in Bavaria, moreover, cycles are 
known in different Microtus populations, all fairly regu- 
lar, but not in phase. 

(b) The periodic appearance of Microtinae as major 
influents in any eco-system, naturally alters all the 
trophic d3mamics of that system. In Norway and the 
Canadian arctic there is a shift in food habits of pre- 
dators whenever the maxima occur, releasing the pres- 
sure on other species. Any argument based on co- 
occurrence of cycles in non-predatory animals in the 
same region may therefore be as irrelevant to the prob- 
lem of internal versus external control, as is the increase 
in foxes when the lemmings increase. It must also be 
observed that the predatory carnivores, known so well 
from the statistics of the fur trade, are not involved in 
generating a Lotka-Volterra cycle with the rodents, 
for the latter fluctuate after man has decimated the 
population of carnivorous mammals. Moreover it may 
be noted, though it has apparently not been pointed 
out in print, that if the expression for the approximate 
period, given by Volterra, be used in the case of the 
snowshoe rabbit and its principle predator, we obtain 
an absurd expectation of life for a starving lynx. 

(c) Although the curves indicating the numbers of 
predators killed (or in other cases, the actual numbers 
of cyclical rodents, such as Lepus americanus), show, 
when based on data derived from large areas, reasonably 
symmetrical maxima and minima, this symmetry is 
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probably largely due to the superposition of a number 
of asymmetrical curves, some being slightly out of 
phase. Everyone who has studied the matter carefully 
concludes that at a given station the decline in the 
primaxy fluctuating population is rapid and a 83 rm> 
metrical. Moreover, the animals with a 3-4 year cycle 
are apparently all annuals, and there is a critical period 
each spring when the whole breeding population consists 
of middle-aged individuals with a relatively low expecta- 
tion of life, as Leslie and Ranson, of the Oxford Bureau 
of Animal Population, have shown. The existence of 
this critical period, should any postponement of suit- 
able breeding conditions occur, may be disastrous, and 
is therefore one of the most important properties of the 
life history of voles. Of itself, however, the critical 
period does not explain periodicity. 

(d) Though analysis of field records suggests a pic- 
ture not unlike Cause’s relaxation oscillation, no clear 
evidence of epidemic disease as the controlling factor 
exists. In some declines in Britain, the Oxford workers 
found Toxoplasma infections more or less epidemic; in 
other cases the most careful pathological study failed 
to reveal any general morbidity in the population. A 
form of tuberculosis is occasionally reported, and 
though its incidence is of great pathological interest, 
there is no evidence that this disease plays any part in 
the regulation of cycles. Certain interesting facts 
relating to the age distribution of infection by annual 
parasites also came to light in the Oxford studies, but 
do not bear on the main problem. 

(e) Hamilton’s work suggests a greatgrise in fertility 
as the numbers increase. This is in part due to sexual 
undercrowding or reduction of encounters between the 
sexes, at the minimum, but at that time the breeding 
season is shorter, and the number of young per litter 
lower, than in the later parts of the period of recovery. 
Unless the reduction in fertility actually intervenes in a 
still more extreme form, immediately prior to the de- 
cline, we cannot interpret cyclic changes in population 
in terms of cyclic change in reproductive potential, for, 
at the minimum, the population has ceased to decrease 
and is about to increase. Elton summarizes some evi- 
dence that overcrowding causes an excessive incidence 
of combats, both between males and between females; 
this may induce an increased mortality and conceivably 
might result in low fertility and so, in view of the criti- 
cal period in the spring, cause a decline. Such social 
antagonisms can hardly be the explanation of the low 
litter number, per fertile mating, at the minimum. 
Hamilton thinks that such variation in fertility is a 
phenomenon general in small rodents; the limited inves- 
tigations of Elton’s associates seem to indicate that in 
Microtus agresUs there is less reproductive variability 
than in the American forms. The problem of fertility 
is clearly of the greatest importance, and its solution 
might throw light on some of the obscurer aspects of 
htDnan reproduction. 

(f) Something can be learned from comparisons with 


other cyclic animals; this, however, is hardly attempted 
by Elton in the present volume. Though the trophic 
control of the ecosystem by a four-year microtine cycle 
is most marked in the northern Tundra, there is no 
reason to suppose that the ten year cycle of the Cana- 
dian forest zone, based on the fluctuation of the num- 
bers of the snowshoe rabbit, is a latitudinal matter, as 
the four year cycle appears again in Microtus far to the 
south, in New York. The basis for the difference must 
lie in the sizes, or more directly, in the lengths of life 
span, of the major primary consumer (herbivore) in 
the food chain. This hypothesis is strengthened by 
the fact that squirrels seem to occupy an intermediate 
category, with a 5-7 year cycle. 

These six generalizations seem to point towards an 
internal relaxation oscillation of Cause’s kind, though 
the cause of the relaxation is still obscure. In one 
place Elton suggests that the reaction of the animals on 
the vegetation may almost approach the classical prey- 
predator interaction of Volterra, though here the most 
probable result is likely to be a highly asymmetrical 
relaxation, as Cause has shown to occur in most cases 
of natural predation. Yet faced with the extraordinary 
similarity, if not simultaneity, of the cycles in popula- 
tions spread over a great part of the northern hemi- 
sphere, we find it hard to avoid returning, as indeed 
Elton does, to some external climatic control. The 
particular meteorological results that are evoked in the 
present work are derived by Coldie from a study of the 
distribution of mean annual pressures over western 
Europe. Indications of an irregular cycle of about 3.8 
years are found in such data. It must, however, be 
admitted that Coldie’s period is but one member, and 
apparently not a very respectable member, of a great 
family of meteorological periodicities and quasiperio- 
dicities. By far the most remarkable biological perio- 
dicities known are derived from the studies of Douglass 
and his associates on tree growth; here there is no pos- 
sibility of the cycle being free. Moreover, since there 
is fairly good evidence that the growth of comparable 
Miocene trees and other ancient annual phenomena of 
variable intensity, behaved essentially like modern 
trees in the frequency of appearance of any given cycle, 
it appears that the cycles, though they come and go 
irregularly, have definite probabilities of occurrence, 
and are therefore reo/, and, being independent of the 
present detailed distribution of land and water, are 
presumably solar. Different groups of trees show cer- 
tain cycles more intensely than other groups, so that we 
may regard the system “tree climatic environment” 
at any place as resonating to certain periods in the 
extremely complex meteorological rhythmicity of the 
whole atmosphere. If animal populations behave in 
the same way, the length of the life cycle may perhaps 
determine the period of resonance. But this is a flight 
into theory further than our author would permit us; 
let us therefore wish him a speedy return to his inter- 
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lupted studies, so that, after many mice have been volume in which the confusion that now penneates the 
bom, we may, in ten or twenty years, have a companion whole subject will be resolved into order. 

BRIEF NOTICES 


EVOLUTION 

TsE ExisEifZTy Bones of Sinanthsopus peeznenszs. 
PalaeofUdogia Sinica, New Series No. 5; Whole Series 
No. 116. 

By Prang Weidenreich. Geological Survey of China, 

Peking, llj X 81; 150 + 34 plates. 1041 (paper). 
Our knowledge of early man has been greatly advanced 
by the important discovery of the remains of Sinanthro- 
pus near Peking. These significant finds have been 
described in a series of exemplary monographs by the 
late Davidson Black and more recently by Professor 
Weidenreich. The previous reports were devoted 
chiefly to skulls and teeth which, curiously enough, had 
been preserved in larger numbers than other skeletal 
parts. The present contribution deals with the few 
extremity bones of Sinanthropus found so far. These 
comprise seven incomplete thigh bones, two fragments 
of upper arm bones, one incomplete collar bone, and 
one wrist bone (lunatum). All these specimens are 
from adult individuals and, with only one exception, 
from males according to the most probable sex deter- 
mination. Unfortunately all the long bones lack their 
joints, only more or less extensive portions of the shafts 
having been preserved. Practically no doubt is left 
that these limb bones really belong to the same type of 
early man as the previously recorded skulls and teeth. 
These scanty, yet most welcome and encouraging finds 
appertaining to the limbs of Sinanthropus are described 
in very careful and adequate detail. Humerus, femur 
and clavicle have been reconstructed so that at least 
their total lengths can be estimated with a fair degree 
of confidence. They are compared meticulously with 
the corre^x)nding bones of other fossil men, of modem 
man and of the man-like apes in regard to their main 
proportions and their most significant descriptive 
characters. 

Of the conclusions the following are specially note- 
worthy : In all their main features these extremity bones 
are practically identical with those of modem man and 
show none of the conditions characteristic of the apes. 
This is highly interesting and quite surprising in view of 
the many primitive or at least peculiar conditions found 
in the skulls. As a distinctive trait of Sinanthropus is 
mentioned that in the femur and the humems the 
medullary canal is strikingly narrow and the walls of 
the shafts are correspondingly thick. Weidenreich con- 
siders it safe to condude that Sinanthropus had already 
assumed a completely upright posture. He estimates 
the stature of t^ fossil man at approximately 156 cm. 
iu the male and 144 cm. in the female. 

In an appendix the author discusses the precise 
nature and the probable causes of *^the fragmentariness 


of the extremity bones.” Here it is concluded that 
apparently “carnivores and man competed in the break- 
ing of bones both human and ^jdmal.” In his intro- 
duction Weidenreich sides in principle with that steadily 
growing number of sdentists who are dissatisfied with 
the present, often misleading and certainly inconsistent, 
nomenclature applied to the various forms of man. 
Even though we have undoubtedly been far too gener- 
ous in bestowing so many different generic names to our 
nearest fossil relations, it is startling to read the author’s 
confession: “I believe . . . that all known hominids 
belong to one-and-the-same species.” Let us hope 
that the fashions in the taxonomy of the Hominidae 
will not swing from one extreme to the opposite! 



A Mzocene Sea Lzon from Lomita, Cazjfornia. 
University of California Publications in Zoology, Volume 
47, No. 2. 

By Gretchen M. Lyon. University of Calif omia Press, 
Berkeley and Los Angeles. lOJ x 61; 30 + 6 plates; 
1041 (paper). 



GENETICS 

Amerzcan Dazry Cattle: Their Past and Future. 

By E. Parmalee Prentice. With Chapters on Dairy 
Cattle in America by Ernest L. Anthony, Lloyd BuH- 
ingham, Clifford Clevenger, and Others. Harper and 
Brothers, New York and London. $3.00. OJ x 6J; 
xix + 453; 1942. 

This excellent and colorful volume presents in a clear 
and authoritative manner the history of the develop- 
ment of our Holstein, Jersey, Shorthorn, Guernsey, Ayr- 
shire, and Brown Swiss breeds of American dairy cattle. 
In addition to the time-worn histories and encyclopedias 
xisually used for research, the author of this work has 
availed himself of another very valuable source of data 
relating to the history of cattle; namely, the Port and 
Custom House records of Britain, and the contemporary 
advertisements in The Times. The result is a fascinat- 
ing history of one of the most intriguing facets of man’s 
progress. 

The history of cattle is really the history of man, inas- 
much as they have shared his struggle for existence and 
at the same time have contributed materially to his 
welfare. Although cattle were tended and were used 
for their meat and dairy products from the earliest 
days of recorded history, their purposeful breeding had 
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its origm in England during the 17th Century. There, 
under the impetus of three factors (the need for more 
food for man, the importation of Dutch cattle, and the 
increase in supply of agricultural products which could 
be used for cattle food) the random crossing of native 
stocks began. Animals which were fed and bred into 
greatness became a breed. Of course there was no 
knowledge at that tin^ of the laws of inheritance, so 
that acquired characters, maternal impressions, and 
many other outside influences were thought to aflect 
the character of the offspring. Thus, importance was 
soon attached to cattle from a certain locality, or to 
those being bred by a particular man who was able to 
keep his stock well fed. This was essentially the picture 
of cattle production up to the beginning of the present 
century, when, in America, under the impetus of in- 
creased knowledge of heredity and the institution of the 
dairy breed herd book, the all-importaift factor became 
the lineage of the stock — ^lineage without reference to 
production qualities. In the past decade, with the 
collection of detailed production records and the ap- 
plication of statistical methods, the progeny test (which 
takes into account the productive ability of the progeny, 
and which holds that this is even more important than 
lineage) has been established and is accepted as the 
last word in method of live stock improvement. From 
the recent production records of cattle selected by the 
progeny test method, no one can even hazard a predic- 
tion as to how far the development and improvement of 
dairy cattle can, and will, go. 

For anyone interested in live stock production and 
improvement, this history of cattle will prove as fasci- 
nating as it is informative. The text is profusely illus- 
trated and is supplied with a detailed index. 

Methods of Plant Breeding. 

By Herbert KendaU Hayes and Forrest Rhinehart 

Jmmer. McGraw-Hill Book Company, New York 

and London. $4.00. 9 x 6; xii + 432; 1942. 

This new book is an excellent addition to the literature 
at the disposal of students of agriculture and plant 
breeding who are familiar with the elements of genetics. 
It is predominantly concerned with problems of prac- 
tical breeding. However, the importance of genetic 
and cytogenetic principles is emphasized throughout 
the book. 

The greatest part of the book is devoted to the de- 
scription and critical evaluation, from both the theoreti- 
cal and practical standpoints, of the general principles 
and methods of modem plant breeding. A brief dis- 
cussion of the genetic and cytogenetic basis of plant 
breeding is followed by chapters concerned with the 
mode of reproduction in relation to breeding methods, 
technics of selflng and crossing, the pure line method 
of breeding naturally self-pollinated plants, the back- 
cross method, hybridization as a method of improving 


self-pollinated plants. These are supplemented by 
special chapters concerned with the breeding of some 
economically important plants: wheat, oats, barley, 
flax and com; with controlled pollination methods of 
breeding cross-poUinated plants and seed production; 
and by a thorough discussion of statistical methods used 
in plant breeding. 

The text is accompanied by 20 pages of bibliography, 
a glossary and statistical tables. 



New Paths in Genetics. 

By J. B. S. Haldane. Harper and Brothers, New 

York and London. $2.50. 8i x 5}; 206; 1942. 

In introducing this new book to the non-professional 
reader, the author shows that the present day geneticist 
**must be a jack of all trades and il is to be feared that 
he may become the master of none” (p. 15). That the 
latter is not a necessary corollary of the former is exem- 
plified by the author himself who, in a series of lectures 
delivered at the University of Grdningen and now pub- 
lished in bookform, not only treats with great compe- 
tence the various aspects of genetics, but also amply 
quotes his own contributions in the diverse fields of this 
science. 

The first chapter (The science of genetics) is devoted 
to a general review of the field of genetics. The rela- 
tions of genetics to biochemistzy and embryology are 
discussed in the next two chapters (Genetics and bio- 
chemistry, Genetics and development), while the last 
two chapters (The genetics of some human abnormali- 
ties, The formal genetics of man) are specially concerned 
with human genetics. 

The book, written in a clear but not wholly unpreten- 
tious style, will be read with equal interest by students 
of genetics, embryology, biochemistry and medicine. 



Seven Papers in Genetics and Physiological 
Genetics of Drosophila melanogaster. University 
of California Publications in Zoology, Volume 49, Nos. 
1-7 

By Richard Blanc, Werner Braun, Eldon J. Gardner, 
Richard Goldschmidt, Claude A. Villee, Jr. Univer- 
sity of California Press, Berkeley. $2.00. lOJ x 6f ; 
184 -f 11 plates; 1942 (paper). 

This volume, under the general title Seoen papers in 
Genetics and Physiological Genetics of Drosophila mel- 
anogaster, contains the following articles: Observations 
on the production of wing scalloping in Drosophila mel- 
anogaster, by Richard Blanc; Phenocopies and X radi- 
ation in Drosophila melanogaster, by Richard Blanc and 
Werner Braun; The effect of X-radiation upon bristle 
pattern in Drosophila melanogaster, by Richard Blanc 
and Claude A. Villee, Jr.; The effect of changes in time 
development on the phenotype of mutants of Drosophila 



NEW BIOLOGICAL BOOKS 


359 


m^nogaster, by Werner Braun; A further study of 
genetic modification of dominance, especially by posi- 
tion effects, by Eldon J. Gardner; A further contribu- 
tion to the analysis of scalloped wings in DrosopkUa 
mdanogaskr^ by Richard Goldschmidt and Eldon J. 
Gardner; A study of hereditary homoeosis: the mutant 
tetraltera in Drosophila melanogaster, by Claude A. 
Villee, Jr. 



A Report on Experiments with Colchicine by 
Laymen Scientists during 1941. A Co-operative Re- 
search Project. 

By O. J. Eigsti and Barbara Tenney. University of 

Oklahoma Press ^ Norman, Oklahoma. 35 cents. 9x6; 

32; 1942 (paper). 

This pamphlet is a report of a project designed to en- 
courage laymen to carry out experiments with colchi- 
cine (by its use polyploidy may be produced). Colchi- 
cine along with directions for an experiment with it were 
sent to a group of laymen who were then requested to 
turn in a report on their work. The present pamphlet 
describes the nature of the project, gives some facts 
about colchicine, gives the details of the carrying out of 
the project, analyzes the geographic distribution and 
occupations of the experimenters, and summarizes the 
results of the reports. Successful induction of changes 
was reported in 19.4 per cent of the completed experi- 
ments or in 7.1 per cent of the total number of experi- 
ments. Over 60 per cent of the experiments were not 
reported or incomplete. The authors conclude that 
the use of colchicine by la 3 rmen is not of great economic 
value but is a valuable method of education. From the 
fact that 51 per cent did not send in a report it would 
seem that it also shows how difficult it is to keep laymen 
interested in such a project. 



Biological Symposia. Volume VI. J. Temperature 
and Evolution. II. Isolating Muhanisms. III. Gene- 
tic Control of Embryonic Development. 

Edited by Th. Dobzhansky. The Jaques CatteU Press, 

Uncaster. $3.50. 91 x 6}; xii -f 355; 1942. 

This sixth volume of the series of Biological S 3 rmposia 
contains papers read by fifteen authors at three different 
symposia. The subjects of these were; Temperature 
and evolution; Isolating mechanisms; Genetic control of 
embryonic development. In the first two the emphasis 
is on the evolutionary aspects of the problems, the 
third one is a further attempt to bridge the gap between 
embryology and genetics. Thus this volume is another 
manifestation of the continually growing interest of 
geneticists in correlating their particular field with gen- 
eral biological theory. 

The volume is edited and prefaced by Th. Dobzhan- 
diy. 


GENERAL BIOLOGY 

University of Colorado Studies. Series D. Physical 
and Biological Sciences, Vol. I, No. 4. Containing the 
following: Vegetation of the San Luis Valley in Southern 
Colorado, by Francis Ramaley; Alphabetical Index to 
Volume 1 of Series D {Physical and Biological Sciences); 
Tide Page and Contents. 

University of Colorado, Boulder, Colorado. $1.00. 10 
X 61; 231-279; 1942 (paper). 



HUMAN BIOLOGY 

Time and the Physician. The Autobiography of 
Lewellys F. Barker. 

By Lewellys F. Barker. G. P. Putnam's Sons, New 

York. $3.50. 9 X 6; ix -f 350. 1942. 

Due, perhaps, in greatest measure to the changes in 
mores which marked the decline of aristocracy and the 
rise of the proletariat, writers of autobiographies of late 
years have exercised a restraint in frankness, absent in 
the autobiographies of Cellini, Casanova, Rousseau, and 
Franklin, and in the letters and diaries of men and 
women of the 17th and 18th centuries, w^hich revealed so 
vividly and so fully their real natures and portrayed the 
spirit of the times in which they lived, moved, and had 
their being. From such as these we get clear-cut pic- 
tures of the individual scribes, their associates, and 
their general milieux. In this natural frankness which 
flourished before the reign of Mrs. Grundy, the step- 
daughter of the ^^puritan’’ sects and the godmother of 
the Comstocks, lies much of the charm these writers 
exert upon intelligent students of human nature. The 
same criticism applies, with certain notable exceptions, 
to biographers. Fortunately, in the novel, which deals 
in essence with the biographies of imaginary persons, 
authors have to a considerable degree escaped the fetters 
of a false prudery. 

Beyond the members of^e other learned professions, 
accounts of the accomplishments and descriptions of 
the personalities of successful medical men possess a 
wider popular interest. Doctor Barker is in eminent 
degree a successful medical man in scientific attain- 
ments, in teaching, in diagnosis, and in therapy. In 
addition, he is a man of unusual charm; his activities 
have covered many countries and climes; his interests 
are broad and deep; his ideals are high. By dint of hard 
labor, self-denial, and a peculiar perspicacity in the 
choice and direction of his studies, he so cultivated his 
natural gifts that he early attained eminence in several 
branches of his chosen calling. Barker's early training 
in chemistry, anatomy, physiology, general pathology, 
pathological anatomy, and bacteriology, and especially 
in neurology and psychology, gave him a unique back- 
ground for the study, teaching, and practice of clinical 
medicine. His clinical lectures given in the amphithea- 
tre, 'were prepared with the care and thoroughness 



360 


THE QUARTERLY REVIEW OF BIOLOGY 


which characterised those of certain great clinical 
teachers of earlier generations of whom Da Costa of 
Philadelphia and Trousseau of Paris are pertinent 
examines. 

In the study and care of private patients, occupying 
his later life, Barker has considered the individual as a 
whole; the man, himself, as an integrated organism. 
Penetrating beneath the subjective symptoms and the 
pathological processes disclosed by exhaustive investi- 
gation with the aid of methods and techniques of preci- 
sion, he has sought to obtain that comprehensive insight 
into all the factors involved, which is so essential for 
accurate diagnosis and intelligent therapy. 

The author’s avowed intent is an honest attempt to 
dissect and to evaluate his own personality as influenced 
by heredity and environment, personal and ph3rsical. 
The result is a book well written and readable withal; 
but in the opinion of this reviewer, undue space is given 
to narrative of travel and to hero worship of teachers 
and colleagues, the more important of whom have been 
already exhaustively written about. 

Despite his keen and penetrating mind, and his 
wide reading, influenced unduly perhaps by his early 
associations, Barker confesses allegiance to the current 
Christian (sic) mores, to belief in a very broad type of 
democracy, and to adherence to the ‘‘uplift.” 

To the next candidate to autobiography, this reviewer 
recommends perusal of those of Franklin and Marion 
Sims. 

The clear-cut photograph used as frontispiece, reveals 
to the amateur physiognomist much of the author’s 
character, especially his earnest determination and the 
charm that has endeared him to so many in all walks of 
life. 



The Biology oe the Negro. 

By JtUian H, Lewis, UniversUy of Chicago Press, 

Chicago, $5.00. 9 x 6; xvti + 433; 1542. 

The author, who is Associate Professor of Pathology at 
the University of Chicago, has undertaken the arduous 
and much needed task of collecting and reviewing a very 
large part of the most significant and heretofore widely 
scattered literature appertaining to Negro biology. 
The resulting volume will be highly welcomed by medi- 
cal men, anthropologists and sociologists, but it must 
be judged as a pioneering effort hampered by several 
banc difliculties. The latter are connected with the 
precise definition and proper limitation of the subject 
and fall chiefly under three headings: (1) Does the term 
“Negro” represent a biological entity? (2) What share 
of the “Negro” peculiarities discussed is due to real and 
hereditary qualities and what share is caused chiefly by 
environmental factors of an economic or sociological 
naUue? (3) Can any one scientist to-day be equally 
we31 at home in the many branches of biology so that a 
work of this sort does equal justice to the many different 


subjects dealt with? Regarding the term “Negro” the 
author states in his preface: 

In this book the American usage is followed in review 
of the American literature, and for other literature only 
that is used pertaining to the Nemid people of the east 
and west coasts of Africa and of central and southern 
Africa as well as the intermixtures called ‘colored’ bv 
the English. It is confessed that this word ‘race’ is 
used very loosely .... 

It is evident that the collected information does not 
appertain to pure stock, but must frequently refer to 
variously mixed groups and this even in the case of 
reports from Africa. Regarding the above second ques- 
tion it can here be merely mentioned that for a great 
many of the diseases discussed it has to be left undecided 
to what extent nature or nurture is responsible for 
apparent racial peculiarities. The table of contents 
supplies a partial answer to the third question raised. 
There are chapters on Population and vital statistics 
(17 pages), on Anatomy (64 pages), and on Biochemical 
and physiological characteristics (17 pages) ; the remain- 
ing 308 pages of text are devoted to a discussion of 
different diseases, i.e. to what the author proposes to 
call “anthropathology” (in the reviewer’s opinion an 
inadmissable term). It is readily seen that the normal 
conditions are not nearly as well represented as are the 
morbid ones. This discrepancy is based to some extent 
and quite naturally upon the fact that the author’s 
chief interest and experience lies in racial pathology and 
that hence this subject is discussed much more fully 
than the other fields of biology (psychology is not even 
mentioned). It must also be recalled, however, that 
there exists a real and marked difference between the 
total amounts of available information appertaining to 
normal race characters on the one hand and to racial 
peculiarities of disease processes on the other hand and 
this unquestionably for the reason that the number of 
people working in medicine is several thousand times 
greater than the total of investigators in all the different 
fields of normal human biology. 

As a volume which reviews for the first time the enor- 
mous accumulation of data bearing upon the character- 
istics in the Negro’s reactions to disease this book 
belongs in every medical library. Of the positive find- 
ings few permit, as yet, broad generalizations. Among 
the latter the following may here be quoted: “Surgeons 
who have had considerable clinical experience with Ne- 
groes commend them as excellent surgical risks. They 
are stoic in their reaction to pain and discomfiture, do 
not easily go into shock, take anesthesia well, resist 
infection, and show remarkable powers of recovery.” 

The usefulness of this volume is enhanced by the very 
adequate subject index and by the author index. 



Sum Chief: The Autobiography cf a Hopi Indian, 
Edited by Leo W, Simmons. Vote University Press, 
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New Haven; Oxford V mversUy Press, London. $4.25. 

9z6;z + 460; 1942. 

Those who have idealized the Amerind are due for a rude 
shock when they read this book. It is not so much the 
autobiography of a moral degenerate as of a member of 
a community of moral degenerates. The Hopi Indians 
are a disappearing tribe and they know it, and are so 
animated by a philosophy of despair that they have 
given themselves over wholesale to a life of licentious 
ezcesses in which the entire population participates and 
in which the individual takes pride. 

The delinquency of the Indian is popularly attributed 
to contact with white civilization. In some instances 
such a conclusion may be justified, for the conduct of 
the white man in most instances has been far from im- 
peccable. But here we have one who, although exposed 
to civilization, never caught it, who repudiated a 
Christianity that he never understood in favor of the 
superstitious metaphysics of his ancestors, who spent 
his life in a community where no white person was wel- 
come except the prostitute, yet whose entire career was 
devoted to pornographic practices, the product of an 
education that began in the cradle under the expert 
tutelage of all his female relatives, both natural and 
ceremonial. 

The book was undertaken as a contribution to an- 
thropology. Certainly it contains much that is of 
anthropological significance. The detailed accoimt of 
the circumstances of the author’s birth indicate how 
deeply the story was impressed on his consciousness by 
constant reiteration, and the practices of the medicine 
men on this as well as on subsequent occasions testify as 
to the power exercised by these people over their super- 
stitious followers. The stories of his initiation into two 
secret societies throw light on the cultural heritage of 
his people, but the high spot in the book is the account 
of the famous snake dance, including the ritual which 
takes place within the kiva, of which the ordinary 
tourist is unaware. This ritual is supposed to be 
guarded, but it is partly revealed here to correct some 
misstatements in an earlier published work. One sus- 
pects also that a pecuniary compensation was not 
without influence in eliciting the information. 

In the final anal 3 rsis the greatest significance of this 
book will probably prove to be as an influence in the 
refutation of the impractical theory held by sentimenta- 
lists that all would be well with the Indian were the 
activities of missionaries and educators curtailed. 

The reviewer’s feeling on putting down this book is 
that the Hopi Indians have undergone considerable 
deterioration within rather recent years. It is difficult 
to reconcile the picture of the Hopi character which this 
narrator gives us with the tradition that makes the 
Pueblo Indians the most advanced in the Southwest, 
and the Hopi the noblest among the Pueblos. And the 
contrast between Sun Chief’s picture of himself and the 
popular conception of some of the more dignified figures 
in Indian history, such as Logan, Osceola, or Elias 


Boudinot is very striking. But then there are many 
white men who do not measure up to the standard of 
Thomas Jefferson or Abraham Lincoln. 



The House in the Rain Foeest. 

By Chofis Crockett, Houghton Mifflin Company, 

Boston. $3.00. 8| x Sf; x -f 300; 1942. 

This is an informative anthropological book and at the 
same time, incredible as it may seem, a charming ac- 
count of a long honeymoon among the little-known 
savages of Dutch New Guinea. The author has a de- 
gree in anthropology from Radcliffe and, since she really 
wanted to make good use of her training, she sailed with 
her husband in a 59-foot schooner through the Panama 
canal, among the South Sea islands, and to the western 
end of the land of the Papuans where they lived happily 
in their house on stilts in the rain forest. In the intro- 
duction Professor Hooton states that “the present work 
is a casual by-product of her contribution to science. 
Actually she measured nearly 900 greasy, smelly, filthy 
canmbals — a remarkable achievement for any tough, 
male physical anthropologist and a miracle for a fragile, 
blonde female.” 

Mrs. Crockett succeeded first of all in winning the 
confidence and even the affection of the really primitive 
natives among whom she lived. She has also succeeded 
in giving a delightful, intimate picture of the daily life 
and the child-like nature of her aboriginal neighbors 
with their simple ambitions, limited to food and love, 
their naive superstitions, and their enviably few needs 
and worries. These natives (Madik) were at first shy 
and timid as well as quite suspicious. Soon, however, 
Madik society trusted and accepted their white visitors, 
a change that was accelerated, as among most savages, 
by the readily offered medical aid of the Crocketts. 
The author admits cheerfully that they found it “far 
easier to become a successful quack than a competent 
doctor and we had more luck in treating magical dis- 
eases than physical ones.” 

The Dutch authorities have done their best to eradi- 
rate cannibalism at least in the coastal districts, but 
they have not yet changed the natives’ views concerning 
this culinary subject. According to the author, the 
Madik “were pr6foundly shocked to hear that in our 
country a man may contemplate slaughtering and eat- 
ing his own pig — ^it indicated a scandalous lack of 
delicacy and proper feeling. But to waste the nutritive 
value of a houseful of dead bodies would have seemed to 
them incomprehensively silly, wantonly spendthrift.” 
Even though these and many other Papuan ideas and 
customs appear to be exceedingly primeval and savour 
decidedly of cavemen’s days, these savages enjoy more 
happiness and find more occasion for laughter than 
most people with the so-called blessings of civilizatbn. 
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Youth and the Future: General Report, 

By the American Youth Commission, American 

Council on Education, Washington, D, C, $2 .50. xix 

+ 296; 1942. 

This is a report based on a survey of the conditions that 
affect the 22 million youth between 16 and 24 in the 
United States. Six years were spent by the committee 
in collecting and analyzing the data concerning all 
problems relating to the care and education of the 
nation’s youth. The Introduction to Youth and the 
Future was written by Owen D. Young. In the prepa- 
ration of the report *‘the major objective has been a 
philosophy which would be applicable both in war and 
in peace.” We quote briefly some of their main find- 
ings: 

The schools, forming the largest public agency for the 
training of youth, must revise many of their programs 
and undert^e new ones. The promotion of literacy 
must continue to be principal among their functions. 

Before such a level [a level where all children and 
youth, regardless of race, will receive at least a sound 
elementary school education] can be achieved for all 
youth in the nation, the Commission believes that the 
federal government must provide funds for the equal- 
ization of educational opp)ortunity between the states 
since some are rich and some p^r in resources. 

Much of the present duplication and overlapping of 
authority and funds could be eliminated by a redis- 
tricting of the school service areas; .... 

Provision of a sufficient number of schools for all 
youth will be unavailing unless the quality of instruc- 
tion is immeasurably improved. 

Financing of schools will not be enough; financing of 
the costs of education to the individual pupil must be 
undertaken in many cases, the Commission finds, as it 
states that all youth should be enabled to attend school 
up to the age of 16. 

. . . during the immediate emergency period the 
Commission believes that rehabilitation camps should 
be established for youth turned down by the selection 
aaents for the Army. It also proposes t^t a thorough 
physical examination be made available, free of charge, 
to every young American, immediately after his or her 
eighteenth birthday, . . . 

In the future, health programs must also be instituted 
considerably before this “youth health year.” 

Because of the mounting number of youthful crimes 
[as many as one third of all persons arrested for offenses 
are under 25] the Commission believes with the Ameri- 
can Law Institute that Youth Correction Authorities 
should be created in all states which will separate the 
youthful offenders from the older criminals during 
triak and while sentences are being served. 

The Commission recommends creation of a public 
work youth agency within the Federal Security Arency 
where personnel can be in constant contact with the 
other social agencies whose programs impinge on the 
welfare of youth. 

... by teaching youth how to use their leisure time 
wisely much of the mental illness which was found to be 
an accompaniment of unemployment can be elim- 
inated. 



PlLACncAL Fingerpsinting. 

By B, C, Bridges, With a Foreword by August VoIL 


mer. Funk and Wagnalls Company, New York and 

London, $4.00. 7i x 5i; ix + 374; 1942. 

Finger prints are an unforgeable signature, already es- 
tablished as indisputable legal evidence and a definite 
means of identification. The most complete up-to-date 
material on the subject is published in this practical 
handbook. 

Beginning with a concise outline of the history and 
biological significance of fingerprints, the author leads 
to the procedure for taking fingerprints, ridge counting, 
tracing and filing, etc. A detailed account of new 
methods of uncovering latent fingerprints and their ap- 
plication in criminal investigation is an outstanding 
feature of the book. Careful inspection and tests 
decide the method and materials to be used in retouch- 
ing a fingerprint. Forty-eight different powder mate- 
rials and twelve powder formulas are listed with instruc- 
tions for their use in the “powdering fingerprint 
method”. A photograph of the fingerprint prior to and 
at several stages in its development is first recom- 
mended. The method of “lifting latent fingerprints” 
offers advantages when prints are found in places where 
they cannot be photographed successfully. This tech- 
nique and the materials necessary are explained fully. 
Another “fuming process method” plus “ink”, “heat” 
and “casting” methods covers the subject of latent 
fingerprints with the latest facility of modem science. 
A full explanation is given of the Vucetich and the 
Henry systems of filing and classification, both of which 
serve as a basis for most other methods. 

The work is authoritative being written by a special- 
ist who served a number of years as instmetor in this 
branch of science. It should be useful for police person- 
nel, civic and state officials, students in police recruit 
training schools, and in colleges having law enforcement 
courses. 



In Alaskan Waters. 

By Alfred Wolfe, The Caxton Printers, Caldwell, 

Idaho. $3.00. 9 x 6; 196; 1942. 

In this very interesting book Mr. Wolfe, a fisherman of 
long experience, gives us in simple direct words a clear 
account of his numerous trips fishing for deep sea salmon 
and halibut off Cape Flattery and British Columbia in 
the summer, and as far north as southeastern Alaska in 
the winter. The various methods of deep sea fishing 
are explained and illustrated with accuracy and detail. 
Up until 1914, the old style type of dory fishing was used 
entirely. About this time a new method came into use, 
the “long line system” in which the setting and the 
hauling of the gear and nets was done directly from the 
vessel — one of the chief advantages being that men 
could fish with much less hard labor and in much worse 
weather than possible when dories were used. 

The trips described lasted from two weeks to two 
months with a catch varying from a few pounds to a 
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lucky twelve hundred thousand with a good profit 
shared equally. 

One small but interesting incident centers around the 
catching of a rare “left-handed” halibut with gills and 
all organs located on the left side instead of on the right 
as normally. Only three of this type were ever seen in 
his long experience. 

The author discusses at length the “worst marine 
disaster in the history of the Pacific coast” — the sinking 
of the Princess Sophia near the end of World War I with 
a 100 percent loss of life. 

From reading this book one cannot help but be im- 
pressed with the courage, fortitude, resourcefulness, and 
endurance exhibited by these fishermen who make their 
living in these dangerous waters. 



The Clarks. An American Phenomenon. 

By William D. Mangam. With an Introduction by 
Edward Alsworth Ross. Silver Bow Press, New York. 
$2.50. 8 X 51; ix 4- [257]; 1941. 

If the unsuspecting reader should feel that it is im- 
possible that the limits of a single family should embrace 
such a high concentration of immorality as the author 
attributes to the Clarks, let him recall that the latter 
were endowed with sufficient wealth to prosecute a libel 
suit, had there been the least doubt as to the accuracy 
of the author’s statements. 

Perhaps the most striking disclosure made in the en- 
tire book is that one of the Clarks kept a mistress, not 
for the purpose which mistresses ordinarily serve, but as 
a red herring to draw across the trail in case the police 
became too inquisitive about the practices indulged in 
behind his closed doors. He considered the reputation 
he was able to enjoy as the result less malodorous than 
the one he w'ould have acquired if the facts on his way 
of Jiving became public property. 

Reviews of pornographic literature are not new to 
these columns, but all previous examples pale into 
innocuous innocence when viewed in the light of the 
lurid hues of this masterpiece. One wonders why the 
author did not employ his talents in a worthier task. 

To the Clark family is hereby unanimously awarded 
the gold-plated gas mask. 



Needle to the North: The Story of an Expedition to 
Ungava and the Belcher Islands. 

By Arthur C. Twomey, in collaboration with Nigel 
Herrick. Houghton Mifflin Company, Boston. $3.50. 
9x6; viii + 360; 1942. 

Needle to the North is a vivid account of a scientific expe- 
dition to Ungava and the Belcher Islands, located in the 
sub-arctic region of the Hudson Bay and the northern 
half of the Labrador Peninsula. These desolate regions, 


unheard of by the general reader, have long lain un- 
changed and imcharted. 

The book, divided into two sections, first tells of 
Ungava and describes the quest of the mysterious un- 
known inland sea “Kasogea”, which is almost a legend. 
Twomey, an ornithologist, and Doutt, mammalogist, 
both of the Carnegie Museum, experienced considerable 
adventure, difficulties and human drama before their 
purpose was successfully accomplished. The scientific 
report on Kasogea has not yet been published 

The second section of the book is concerned with the 
Belcher Islands, and their strange and primitive peoples. 
Civilization came late to the Belcher Island Eskimo, yet 
his very sensitive mind and adaptability to new ways, 
makes him already a doubtful example of a natural 
igloo-man. “Before you would dare assume that he 
has learned to use it, the hunter of the Belchers will 
make your mechanical gadget an integral part of his 
life”. The author describes, among his experiences in 
the Belcher Islands, the quick change from the long 
winter to the short spring and summer with its numerous 
flowers, buds, insects, etc., which come to life for this 
brief season. 



Family Expenditures for Clothing: Five Regions. 
U. S. Department of Agriculture Miscellaneous Publica- 
tion No. 4ZZ. Consumer Purchases Study. Urban and 
Village Series. 

By Maryland Y. Pennell, Day Monroe, Kathryn Cron- 
ister, Geraldine S. DePuy, and Marjorie W. Ellsworth. 
Government Printing Office, Washington, D. C. 35 
cents. 9i x 5}; iii -f 329; 1941. 

Changes in Assets and Liabilities of Families: 
Five Regions. U. S. Department of Agriculture Miscel- 
laneous Publication No. 464. Consumer Purchases 
Study. Urban, Village, and Farm Series. 

By Dorothy S. Brady, Day Monroe, Janet Murray, 
Yetta A. Carmel, and Marjorie Ellsworth. Govern^ 
ment Printing Office, Washington, D. C. 25 cents. 
9i X 5}; V -f 226; 1941. 

Family Expenditures for Housing and Household 
Operation: Five Regions. U. S. Department of Agri- 
culture Miscellaneous Publication No. 457. Consumer 
Purchases Study. Farm Series. 

By Haael Kyrk, Day Monroe, Dorothy S. Brady, Co- 
lette Rosenstid, and Edith Dyer Rainboth. Govern- 
ment Printing Office, Washington, D. C. 25 cents. 
9i X 51; V -f 201; 1941. 

In all three of these reports the first part deals with a 
discussion of the scope and organization of the study 
and the general summary of the findings, with the4ata 
collected exhibited in detail in tables in the latter part. 
In each case a wealth of material has been collected and 
has been so arranged that future workers along these 
lines will find the present study of great usefulness. 
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Amziiais Abe My Hobby. 

By Gertrude Davies LinU, Robert M. McBride and 

Company^ New York, $2.75. 8 z 5); 301; 1942. 
This is the entertaining and at times instructive auto- 
biography of an unusual woman who admits frankly 
that **rare animals— from difficult to impossible ones — 
have been the irresbtible lure of my life. Just as some 
women are most attracted by problem children, I am 
attracted by problem animals.” In her New York 
home Mrs. Lints has brought up sixteen great apes, 
including the now much advertized gorilla ^^Gargantua”, 
over two hundred St. Bernard dogs, and a random as- 
sortment of other animals. The largest and most 
interesting part of the book deals with the lives of the 
anthropoid apes who enjoyed amazing freedom and 
devoted care in the writer’s extraordinary household, 
where they thrived in spite of many an initial illness. 
Mrs. Lintz’s remarkable success in raising her many 
ftimian prima donnas was due chiefly to her full appre- 
ciation of the need of these ^apes for companionship, 
entertainment, and exercise, factors which are all too 
frequently ignored in zoological gardens. For the 
author^s great devotion nothing appears to have been 
too much; with a sick baby mountain gorilla she pa- 
tiently tried to ‘‘pinch-hit for a mother gorilla” by 
chewing food into a soft pap until her jaws ached and 
then transferring it to the gorilla’s mouth. Incidentally, 
this ape was regarded by Mrs. Lintz as “the most femi- 
nine creature in the house,” but was really a male who 
grew to huge size. Eventually he had to be sold to a 
Zoo, though not until sometime after he had severely 
mauled his benefactor. Like nearly all apes, Gaxgantua 
also became untrustworthy with advancing age and had 
to be confined in a welded steel cage in the Lintz sim 
parlor. He had passed the 400-pound mark when one 
night he escaped and made a bee-line for the author’s 
bedroom. That she got him back safely is a miracle 
and the account of it is veiy worth reading. 

The author summarizes her unique experiences by 
maintaining that the gorilla alwa 3 r 8 wants to keep the 
peace and that if he is not “a man on his way up, to me 
he seems a brother.” Quite evidently she thinks more 
highly of all her apes than of some human beings — no 
wonder, since two of her apes were poisoned and one had 
add thrown over him and later was given add to drink 
by mean human morons. 

Some of the illustrations are excellent and many of 
the chapters contain accurate descriptions of the psy- 
chological nature of the two great African apes. 



ObMITHOLOGISTS 07 1H£ UNITED STATES AbHY MEDI- 
CAL COBPS. Tkiriy-six Biographies. 

By Edfar Erskine Hume. With \a Foreword by Alex- 
ander Wetmore. The Johns Hopkins Press, Baltimore. 
$5.00. 10} X 7{; XXV -f- 583; 1942. 


It was under the guidance and encouragement of 
Spencer Fullerton Baird, Assistant Secretary of the 
Smithsonian Institution from 1850 to 1878 that many 
young surgeons of the Army Medical Corps developed 
an interest in birds. Baird assisted many of these by 
suggesting details and assignments for expeditions dur- 
ing the period of the opening up of the West. The 
names and contributions to systematic ornithology of 
Coues, Bendke, Cooper, Heermann and Meams are 
familiar to most ornithologists of the present genera- 
tion. It is also a rather well-known fact that the army 
stations and travels of these men in the West gave them 
theopportunitiesof pioneers in the study of birds. That 
we can add to the contributions of these great men 
those of many others from the same branch of the mili- 
tary service is, however, probably somewhat surprising 
to roost students of bird life. 

Colonel Hume has collected in the present volume a 
great store of information about the thirty-six men of 
whom he writes. He has obtained much valuable and 
Interesting data from the archives of the Army Medical 
Corps which give us information not heretofore publicly 
known. The biographic sketches are interestingly 
written and briefly summarize the activities of these 
men, both from the point of view of their army duties 
and their ornithological interests. In many cases 
extracts of their writings are given. These include very 
interesting descriptions of explorations both in this 
country and abroad. Each biography contains one or 
more illustrations of the subject, and there are many 
historically interesting photographs and sketches of old 
army posts. 

Indeed we have in this volume a kind of “personal 
bibliography” of the development of ornithology in this 
coimtry during the nineteenth and early part of the 
twentieth century. In the words of the author, “It is 
hoped that these bibliographies of medical officers of 
the United States Army who have contributed to orni- 
thology will establish one more record of achievement 
for the Medical Department in a highly specialized field 
of science.” The book is of unusual value both to the 
medical historian and to the student of bird life. 



Lipe Histories of North American Flycatchers, 
Larks, Swallows, and Their Allies. Order Passeri- 
formes. UniUd States National Museum Bulletin 179. 
By Arthur Cleveland Bent. Smithsonian Institution, 
Washington, D. C. $1.00. 9} x 6; xi -h 555 70 

plates. 19i2 (paper). 

This is the fourteenth in a series of bulletins of the 
United States National Museum on the life histories of 
North American birds. The general plan and method 
of presentation of the data are the same as that followed 
in previous bulletins, and the same sources of informa- 
tion have been utilized. The nomenclature of the 1931 
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check-list of the American Ornithologists’ Union has 
been followed. 

Life histories of the best-known subspedes of each 
qwdes are given as completely as possible. To avoid 
duplication in describing the others only the characters 
of the subspecies, its range, and any life habits peculiar 
to it are included. In many cases certain habits which 
are probably common to the species as a whole have 
been recorded for only one subspecies. These are de- 
scribed for the species on which the observations have 
been made. The distribution of the species as a whole 
is given, with only rough outlines of the ranges of the 
subspecies, which in many cases cannot be accurately 
defined. 

The data on each species are usuaUy arranged under 
the following headings: Courtship, Nesting habits. 
Eggs, Plumages, Food, Voice, Field marks. Distribu- 
tion (including spring and faU migration dates). The 
plumages are described in only enough detail to enable 
the reader to trace the sequence of molts and plumages 
from birth to maturity and to recognize the birds in the 
different stages and at the different seasons. 

In addition to the excellent treatment of the life his- 
tories and habits of these interesting American birds 
there are seventy plates of coUected photographs. 
These are of the usual high quality found in this series 
of bulletins. Many of the birds, their nesting habitats 
and nests are illustrated. No small part of the value 
of this bulletin lies in its plates. 



Catalog of the Type SPEaicENs of Mammals in 
THE United States National Museum, Including 
THE Biological Surveys Collection. Smithsonian 
Institution, United States National Museum Bulletin 178, 
By Arthur J, Poole and Viola S. Schantz. Govern- 
ment Printing Office, Washington, D, C. $1.25. 9} 
X 6}; xiii -f- 704; 1942 (paper). 

In 1901 the first type list of mammals in the United 
States National Museum was published (U. S. Nat, 
Bull, 62, 325). The present volume, the second such 
catalog to be issued, includes also those specimens now 
in the collection made by the Fish and Wildlife Service 
(the two collections are kept separate but are in adjoin- 
ing laboratories). A total of 2,824 t 3 rpe specimens are 
listed of which 1,409 are new additions since the publi- 
cation of the first type list. Large series of specimens 
have been used in the work, and nearly every promi- 
nent mammalogist, so the authors say, is represented — 
Audubon, Allen (J. A.), Baird, Cope, LeConte, and 
others of the earlier period; BaOey, Howell (A. H.), 
Lyon, Merriam (C. H.), Miller, and many others of 
more recent times. While numerous expeditions have 
contributed to the collection, the type specimens of the 
Mala 3 ran and African mammals have come from two 
main sources, namely the Ma]A 3 ran explorations of the 
late Dr. W. L. Abbott (1897-1909) and the Smithson- 


ian and Rainey African expeditions (1909-1910, 1911- 
1912). The older t 3 rpe specimens of North American 
mammals have also come from two main sources, those 
collected about the middle of the nineteenth century by 
governmental exploring parties and those recently col- 
lected by the Biological Survey. 

The material is weU arranged and the catalog wOl be 
of great usefulness to those who have occasion to consult 
it. At a glance all the necessary information about any 
desired form is available: place and date of original 
description, U. S. Nat. Mus. catalog number, nature of 
specimen (whether there is present skin, skull or other 
parts of skeleton; how preserved, etc.), age and sex, 
locality, date of collecting, name of collector, original 
number of specimen, date when cataloged, and condi- 
tion of specimen at present time. 



Representative North American Fresh-Water 
Fishes. 

By John T, Nichols, Illustrated by Andrew R, fan- 

son, The Macmillan Company, New York, $1.25. 

6} X 4; 128; 1942 (paper). 

This little vest-pocket book is designed to aid the an- 
gler, or anyone else interested, in the identification of 
the common types of North American fresh-water fishes 
and to afford him some information concerning their 
habits and habitats, their adaptations and their evolu- 
tionary relationships. The book consists of sixty fuU- 
p)age illustrations, half of them in color, of representative 
fishes, with a single page of text accompanying each 
figure. The illustrations are uniformly excellent and 
the amateur should find it easy to make an approximate 
identification of any specimen which com^ to hand, 
simply by comparison with the figures. This being the 
case, there has been no attempt to provide a key or to 
give a detailed description of taxonomic characters. 
Instead the text is mainly devoted to accounts of inter- 
esting habits or adaptations of the fish under considera- 
tion or to general ichthyological problems which it 
suggests. Thus the discussion of the paddlefish 
(Polyodon) provides an opportunity for some account of 
relict species; the evolution of the swim-bladder into a 
respiratory apparatus is considered in connection with 
the bowfin (Amiatus) and the migrations of anadromous 
and catadromous fishes are discussed in the sections on 
the shad and the eel. In this way Nichols has been 
able, in a very short space, to give information on such 
a wide variety of subjects as breeding habits, nest 
building, concealing coloration, the inheritance of albi- 
nism and the evolution of the cave-fishes. The text is 
written in a simple straightforward style with no 
attempt to *'talk down” to the layman. 

This reviewer feels that the book fulfils most admir- 
ably the double function which such a brief introductory 
work should have. It provides a clear and useful means 
for ready identification of specimens while at the same 
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time effectively stimulating interest in the broader 
aspects of ichthyological science. 



The Rat in Laboratory Investigation, 

Edited hy John Q. Griffith, Jr, and Edmond J. Farris, 
By a Staffi of Thirty Contributors, J. B. Lippincott 
Company, Philadelphia and London, $7.50. 9x6; 
xiv + 488; 1942. 

The albino rat is the most widely used laboratory ani- 
mal today. It has been found to be an ideal animal for 
research in many disciplines of experimental biology. 
A volume, such as this one, which emphasizes tech- 
niques and procedures, has been needed for a long time. 
It is thus destined at the outset to serve a useful 
purpose. 

Some of the numerous and varied subjects treated by 
the different authors are: breeding, gross anatomy, 
embiyology, diet, teeth, digestive system, metabolism, 
central nervous system, psycholog 3 % circulatory system, 
bio-assay, hematology, histology, surgery and para- 
sitology. The chapters on gross anatomy, dietary 
requirements, teeth, and surgery are particularly com- 
plete. In almost all chapters experimental methods 
and techniques receive the major emphasis. The illus- 
trations are numerous and well selected. A useful 
bibliography is provided at the |||^ of each chapter. 
The index is adequate. 

Naturally many of the methods applied to, and con- 
clusions derived from, work on rats, while having par- 
ticular reference to investigations on the rat, are appli- 
cable to experimental work in general. The book 
should be useful, therefore, not only to investigators 
who work with rats but also to general mammalian 
physiologists, histologists, etc. 

In many institutions the rat is as familiar to the 
teacher as to the investigator. Those who teach experi- 
mental subjects in the biology curriculum will, there- 
fore, find this volume an excellent reference work. 
The book is one which is to be highly recommended to 
investigator, teacher and student alike. 



The Lite op Langstroth. 

By Florence Naile, Edited, with a Foreword and an 
Introduction hy Everett Franklin Phillips, ComeU 
University Press, Ithaca, $2.50. 8} x 5f ; 215; 1942. 
Lorenzo Lorraine Langstroth, the “Father of American 
Beekeeping,’’ was born in Philadelphia in 1810 and died 
in 1895. He was educated at Yale and ordained to the 
Christian ministry, v^hich he practiced for several years 
until ill-health unfitted him for a regular charge. He 
then toedi up beekeeping which had already interested 
him as a hobby. His studious observations of the 
habits of bees led to his invention of the removable- 
frame hive and the publication, in 1853, of The Hive and 


the Honey Bee, the first Amerkan handbook for bee- 
keepers. He also was a prolific contributor of articles 
to the American Bee Journal and Gleanings in Bee Cul- 
ture from the time of their foundation in 1861 and 1874, 
respectively. And he took part in the long-continued, 
but eventually successful, attempts to import Italian 
bees and to naturalize them in this country. This is 
the outline, in brief, of Langstroth’s life and work and, 
until the publication of this book, represents about all 
(or more) that was generally known about him. Miss 
Naile is his first biographer. There is evidence of 
painstaking study of source material for collecting and 
putting in order the less known facts of Langstroth’s 
life, but the book is not dull. In fact, it should be 
of interest even to those who have no intimate knowl- 
edge of beekeeping. 

- 

The Commercial Fish Catch op Calipornia por the 
Year 1940. State of California, Department of Natural 
Resources, Division of Fish and Game, Fish Bulletin 
No, 58, 

By the Staff of the Bureau of Marine Fisheries. Cali- 
fornia State Printing Office, Sacramento. 9 x 6; 47; 

1942 (paper). 

This is the seventh of a series of “Catch Bulletins.” 
These are issued for the purpose of making available 
the summaries of commercial fish landings in each 
region of the State of California. Aside from the data 
on pounds of fish landed (these are given separately for 
each kind of fish) the reports are of considerable interest 
from several points of view. Data are included con- 
cerning numbers and nativity of commercial fishermen 
and number of boats of each type engaged in the fishery; 
the shifting from one t 3 rpe of fishing to another (a 
notable example of this is the rapid development of the 
shark fishery because of the high price offered for the 
liver oils); the development of sport fishing with its 
requirement of small fish for bait — chiefly sardines and 
anchovies. In 1940, 2389 tons of live bait were used 
for this purpose. 

The total pounds of fish landings for 1940 came to 
1,296,048,348; for 1939 the catch was very nearly 200 
million pounds greater. This large withdrawal of fish 
from California waters each year must have, over a 
period of years, a profound effect on the fish population 
of the region. 



The International Protection op Wild Lipe: An 
Examination of Treaties and Other Agreements for the 
Preservation of Birds and Mammals. 

By Sherman Strong Hayden. Columbia University 
Press, New York. $3.00. 8J x Si; 246; 1942. 
When an animal maintains a seasonal migration across 
several sovereign ^tes it can be conserved only by 
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international treaty. At a time like this when there is 
so much international dissension and where national 
policies conform to present wants rather than to future 
needs, it seems impossible that any sort of agreement 
for the preservation of wild life could be reached. It is 
true that the outlook for seals, whales, and migratory 
birds looks black, but it is by no means hopeless. 

, In this work is told the story of what has been done in 
the past, both by reciprocal agreement and through the 
League of Nations, and the average reader is likely to 
be surprised by the advances that had been made prior 
to the beginning of the present war. But it must be 
remembered that that was only a beginning, and that 
when sanity returns to a warring world it will be neces- 
sary to have some more international agreements. 

The book is amply documented and well worthy of 
serious study. 



Prairie Dog Town. 

By Margarei Thomsen Raymond and Carl O. Mohr. 

Dodd, Mead and Company, New York. $1.50. 8} x 

6}; 56; 1942. 

The life story of Mr. Prairie Dog is here recounted for 
the youthful reader. His day to day activities are 
followed from his infancy to the time when he assumed 
the onerous responsibilities of a family head. The in- 
dustry and ingenuity with which he builds his burrow 
and his constant wariness in avoiding his enemies are 
absorbing topics and one soon comes to respect Mr. 
Prairie Dog as an independent and self-reliant little 
chap who, even in times of greatest hardship and 
danger, is filled with the joy of living. The book is 
illustrated by an excellent series of photographs of 
prairie dogs and their neighbors, the burrowing owl, 
the prong-horn antelope, the jack-rabbit and others. 
The prairie dog’s enemies are also [>ortrayed; the hawk, 
the ferret, the coyote, the badger and the rattlesnake. 
In addition there is a series of lively sketches of some 
of the activities of these animals. This is a fine example 
of the best type of nature book for children. 



Horns and Antlers. 

By Wilfrid S. Bronson. Harcourt, Brace and Com- 
pany, New York. $2.00. 8i x 6; 143; 1942. 

The natural history of the North American deer and 
antelopes is here set forth in the same engaging style 
which distinguishes Mr. Bronson’s book on the rodents. 
Sympathetic interest and painstaking, accurate obser- 
vation have combined to produce a lively and authori- 
tative picture of the habits of the various native rumi- 
nants of this continent and to bring out the differences 
between them. Separate chapters are devoted to con- 
sideration of the whitetails, the mule deer, the wapiti, 
the moose, the reindeer and caribou, the prongbucks 


and the mountain ''goats.” The author’s well-known 
paintings of natural history of subjects are represented 
by four full-color plates and 46 black and white illus- 
trations. 

This is a work which will prove of special interest to 
the student of natural history and to the hunter. More- 
over, because of the large amount of first-hand informa- 
tion about the habits of the deer family which it con- 
tains, it will be a useful reference book for the profes- 
sional zoologist. 



Notes on a Collection of Fishes from Antigua and 
Barbados, British West Indies. 

By Albert W. C. T. Herre. Stanford University Press, 

Stanford University, California; Oxford University, 

London. $1.25. 9J x 6J; 21; 1942. 

The identification and description of some 90 species of 
fish representing 68 genera and 41 families, collected 
by Dr. Walter K. Fisher in 1918 from the waters around 
Barbados and Antigua, is successfully undertaken in 
this report. The difficulties inherent in measuring and 
describing the colors of various specimens of fish which 
have been preserved for nearly 25 years are indicative 
of the laborious and painstaking observations essential 
to a study of this sort. 

In addition to the listing of measurements, colors and 
sites of collection for each species, the author includes 
pertinent discussions on the minor distinctions between 
various forms, the errors in earlier taxonomic works, 
and the value of further studies of the fish from this 
region. 

The work carries a short table of contents, but no 
index. 



ZooLOGiCA. Scientific Contributions of the New York 
Zoological Society. Vol. XXV II, Part I, Numbers IS. 
New York Zoological Society, Zoological Park, New 
York. 75 cents. lOJ x 7; 48 + 5 plates H- 1 folding 
map; 1942 (paper). 

This number contains the following papers: 

Social and respiratory behavior of large tarpon, by C. 
M. Breder, Jr. (1 text figure); Tetanus in an elephwt 
{Elephas maximus), by Leonard J. Goss; Descriptive 
ecology of La Cueva Chica, with especial reference to 
the blind fish, Anoptichthys, by C. M. Breder, Jr. (1 
text figure and 3 plates); Quantitative serologic 
tionships within the Artiodactyla, by Joseph G. Baier, 
Jr. and Harold R. Wolfe (1 text figure) ; Observations on 
the electric discharge of Torpedo occidentalis, by C. W. 
Coates and R. T. Cox, (4 text figures) ; The Ampulicidae 
and Spheddae (Sphecinae) taken at Kartabo and other 
localities in Briti^ Guiana. (Hymenoptera), by H. T. 
Femald; A R6sum6 of Mexican Snakes of the Genus 
TanHUa, by Hobart M. Smith; Eastern Pacific expedi- 
tions of the New York Zoological Society. XXX. At- 
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lantk and Padfic fishes of the genus DixoMna, by 
Winiam Beebe (2 plates). 



Tbjl Anucal Book: American Mammals North of 
Mexico. 

By Dorothy Childs Hogner and Nils Hogner. Oxford 

University Press, New York and London. $3.50. 

10| X 8; 223; 1942. 

This is a handbook of mammals living on the North 
American continent and in adjacent waters north of 
Mexico. The habits, appearance, and range of about 
one hundred and seventy mammals, both familiar and 
unfamiliar, are described in a simple, direct, accurate 
manner for juvenile readers. The material was com- 
piled bom first-hand study of the animals, much of it 
during '^travel with a tent and camp kit over many sec- 
tions of the continent.” 

The illustrations, more than one hundred pen-and- 
ink sketches in black-and-white, by the author’s artist 
husband are an essential part of the work. This book 
should be useful in schools, camps, libraries, or any 
place where accurate accounts and pictures of North 
American mammals are needed for young folks. 



The Tale of ihe PaoMEimA Moth. 

By Henry B. Kane. Alfred A. Knopf, New York. 

$1.25. 9 X 7; 24 unnumbered pages -f 22 plates; 

1942. 

This beautiful little book is the third volume in the 
“Wild World Tales” series by Kane in which once more 
he combines facts, MCutiful photographs and attractive 
pen-and-ink sketches to give his readers a true and 
exciting story of nature. 

The Promethea is one of the largest, handsomest and 
most common of the great moths, and unlike many of 
them, fiies in the late afternoon at dusk. The account 
of its interesting life-cycle is given so simply and beauti- 
fully that it will interest mature as well as young read- 
ers. The twenty-three full-page photographic illustra- 
tions accompanying the text are particularly fine in 
both composition and detail and alone are well worth 
the price of the book. 



WONDESa OF THE SsA. 

By Gladys Pratt Freund. Illustrated by Rudolf 
Freund. Random House, New York. $1.00. 11x9; 
36; 1942. 

This very colorful book is designed primarily for intro- 
ducing to juvenile readers a few of the more spectacular 
of the aninmls and plant-Hke animals that live in the 
ocean. 

Some of the “wonders” sdected by the author for 


description and illustration are: spongesi ooralsi sea 
anemones, giant clams, c^dialopo^ barnacles, jelly 
fish, various “queer fish” such as puffers, flying fish, 
angler fish, deep sea luminous fish, and the giant whales, 
porpoises and dolphins. The book contains a good deal 
of basic information and is interesting to read. 

More than a dosen full-page, highly-colored decora- 
tive drawings by Rudolf Freund illustrate the test. 



Ameeicam Butterflies and Moths. 

By Cecile Hulse Matschat. Illustrated by Rudolf 
Freund. Random House, New York. $1.00. 11 x 
8i; 70; 1942. 

In this artistic, tastefully arranged and practical book, 
the author has given us the complete life-story of 
seventy-three of our most common butterflies and 
moths. The detailed descriptions aided by reference to 
numbers of full-color plates and black-and-white 
sketches by Rudolf Freund enable one to identify with 
ease the butterflies and moths seen in gardens, parks, 
and on walks in the fields and woods. The author has 
had considerable experience as a naturalist both io 
Latin America and in this country. The book is not 
intended for specialists but rather to introduce these 
most fascinating of aU insects to na 

British Birds on Lake, River and Stream. 

By Phyllis Barday-Smitk. With sixteen colour plates 
after the originals in The Birds of Great Britain by 
John Gould. Penguin Books, Ltd. Harmondswortk, 
England. 25 cents. 7} x 5{; 31 -f 16 plates; 1941. 
This popular little book contains sixteen color plates 
reproduced from the originals in The Birds of Great 
Britain by John Gould. The colors and composition 
of the plates are good. In addition to the plates the 
book has a brief biographic sketch of the life of John 
Gould, the well-known British and Australian orni- 
thologist. There are also veiy brief but interestingly 
written descriptions of the life habits of the sixteen bird 
species. Only the most common fresh-water birds are 
described. 

Transactions of the San Diego Sooety of Natural 
History. Volume 9, Nos. 32 and 33. A Vertebrate 
Faunal Survey of the Organ Pipe Cactus National Monu- 
ment, Arizona, by Laurence M. Huey; Notes on Some 
Mexican and Californian Birds, with Descriptions of 
Six Undescribed Races, by A. J. van Rossem. 

Society of Natural History, San Diego, Calif. 10} x 
6}; No. 32, 21; No. 33, 8; 1942 (paper). 

Official Illustrated Guide Book to the Phila- 
delphia Zoological Garden. 
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By Ropr ConofU, Zoological Society of Philadelphia, 
25 cents. 8| x 5); 107; 1941. 



BOTANY 

Home Vegetable Gaedeming. 

By Charles H, Nissley, With an Introduction by 
William H. Martin, Illustrated by Ruth Nissley, 
Rutgers University Press, New Brunswick, N. J, 
$1.50. 7i z 5; X + 246; 1942. 

25 Vegetables Anyone Can Grow. 

By Ann Roe Robbins, Illustrated by Leonard J, Rob- 
bins, Thomas Y, Crowell Company, New York, 
$2.25. 9i X 6; zii + 219; 1942. 

The Food Garden. 

By Edna Blair, Illustrated by Laurence Blair, The 
Macmillan Company, New York, $2.00. 10 z 9); 
148; 1942. 

All three of these books belong in the ‘‘how-to-do-it” 
category and were written for those persons whose first 
venture at vegetable growing is the Victory garden. 
Home Vegetable Gardening is the most comprehensive of 
the three. In addition to the specific instructions for 
growing each of more than 60 vegetables and herbs, it 
contains preliminary chapters on gardening equipment, 
the selection of seed, preparing and improving the soil, 
growing early plants for transplanting, storing vege- 
tables for winter use, and garden pests and their con- 
trol. A supplementary chapter gives instructions for 
saving and treating seed. 

Mrs. Robbins’ book contains brief, but adequate, 
information on the history, food values, culture, and 
habits of growth, storing, canning, and recipes for 
cooking each of the 25 vegetables as well as givi% direc- 
tions for their planting and cultivation. It is provided 
with a washable cover and may be used and consulted 
out in the garden. 

The third book is the most profusely illustrated. 
The directions given for the growing of most of the 49 
vegetable and salad plants, 16 herbs and 17 fruits and 
berries selected by the Blair’s for discussion, are accom- 
panied by series of drawings depicting various steps in 
their cultivation. 



Propagation op Plants. A Complete Guide for Pro- 
fessional and Amateur Growers of Plants by Seeds, Layers, 
Grafting and Budding, with Chapters on Nursery and 
Greenhouse Management, Reoised and Enlarged Edition, 
By M, G, Kains and L, M, McQuesten, Orange Judd 
Publishing Company, New York, $3.50. 9x6; 
xi -f 639; 1942. 


As the original edition of this standard reference book 
was published 22 years ago and is now both out of date 
and out of print, this revision fills a definite need. It 
has been considerably enlarged and changes and correc- 
tions have been made throughout to conform with the 
most recent data available from a review of the world 
literature in this field. ''The text has been so arranged 
that the propagator . . . can get a clear exposition of 
whatever subject interests him, without being annoyed 
by pedagogical material ... the teacher, the experi- 
menter, and the student will find abundant reference to 
text and illustrations in the 50 practicums placed toward 
the close of the book.” In addition to the detailed dis- 
cussions of methods of aiding germination, seed testing, 
various kinds of propagation, pest control and so forth, 
there are plant lists and condensed rules for propagation 
of special value when unfamiliar plant material is being 
dealt with, and a list of Federal and State regulations 
and quarantines. The addition of new illustrations 
brings the total to 350 plates, many of which contain 
two or more pictures. Unfortunately, not all of these 
are dear enough to enable the easy perception of details. 
References to tables, illustrations and the institutions 
and authors whose work has been dted in the text are 
listed in the same index as the subjects and plant 
varieties discussed. 



A Textbook op Bacteriology. Third Edition, Re- 
vised, 

By Thurman B, Rice, W, B, Saunders Company, 

Philadelphia and London, $5.00. 9} x 5i; xii -h 

560; 1942. 

The stated purpose of this text (d. Q. R. B., V. 11, p. 
104 and V. 14, p. 90 for notice of earUer editions) is to 
serve as a practical aid to the general practitioner or 
student who might wish a full understanding of the 
subject, but who cannot find time to go into aU the five 
theoretical points. It is a practical rather than a theo- 
retical text. By a thorough sifting of material, the 
author has obtained a very condensed treatment. 
Morphological and cultural characteristics are held to 
real essentials. The emphasis is rather on disease 
characteristics with effident diagnosis, prognosis treat- 
ment and general management as the end. 

Although the present edition has been brought up to 
date to some extent, there are no extensive changes in 
the text material. Slight additions have been made in 
some chapters as, for example, in those of rickettsia, 
filterable viruses, etc. Information on "special bac- 
teriology,” collection of samples, etc., is appended. 
There is a useful index, but unfortunately no bibliog- 
raphy, a regrettable omission in view of the condensed 
nature of the text. 

This book should be of great use both for beginners, 
as an introduction, and for more advanced students and 
practitioners, as a practical review book. 
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Soybeans: Gold from the Soil. 

By Edward Jerome Dies. The MaemiUan Company, 
New York. $1.75. 8 x 5}; 112; 1942. 

Although soy bean culture in Giina was ancient when 
Abiahun resided in Ur of the Chaldees its introduction 
to the western world is of such recent date that a brief 
volume is adequate to cover its history and to recount 
some of the purposes to which it is adapted. 

The importance of the soy bean as a foodstuff is due 
to its high proteid and vitamin B content, and its low 
starch content. Agriculturally it is of importance 
because it requires less care between planting and har- 
vesting than most crops, and its industrial significance 
may be judged from the fact that one automobile manu- 
facturer is seriously considering it as a source of plastic 
from which bodies may be constructed. 

Although only one species of soy bean is known, 126 
varieties have been introduced into the United States, 
which differ in their proportions of oil, starch, number 
of beans to the pound, age at maturity, etc. Several 
pages of comparative statistics are given, but owing to 
the lack of probable errors it is impossible to tell whether 
the varieties are really distinct or not. 

The book is well provided with graphs illustrative of 
the fluctuations in value and size of crops from year to 
year, and a bibliography of over 200 items adds to its 
usefulness. 



Textbook of Dendrology: Covering the Important 
Forest Trees of the United States and Canada. Second 
Edition. 

By WiUiam M. Barlow and Ellwood S. Harrar. 

McGraw-Hill Book Company, New York. $4.50. 

8} X 6; XV -f 542; 1941. 

The major changes that have been made for this edi- 
tion are the inclusion of range maps for aU the species 
set in text type and tables of “distinguishing character- 
istics” for groups of these species. The nomenclature 
in the first edition followed the American Code. In 
consideration of the recent adoption of the International 
Code by the United States Forest Service, appropriate 
changes and additions have been made in the nomen- 
clature used in the present edition. As the book is 
designed for use in a beginning course in forestry only, 
the species of greatest importance to forestry, commerce 
and industry in this country are treated. Numerous 
excellent photographs and drawings clarify the text. 
The authors have provided a glossary, a list of biblio- 
graphical references, selected for their significance or 
recent, and an index which indicates also the pages 
wheib half-tone illustrations of the item in question 
occur. 


Ihn^raires Botanxques oaks L*Ilb de Cuba: { JM - 
miire Sirie). Contributions de VInstitut Botanique de 
VUniversiU de Montreal, No. 41. 

By Frire Mane-Victorin and Frire Leon, InsUtut 

Botanique de VUniversiU Montrial, MonirM. $2.50. 

9 X 6; 496 -f folding map; 1942 (paper). 

As part of its active program of research work, The 
Botanical Institute of the University of Montreal or- 
ganizes expeditions to various locations in the western 
hemisphere for the purpose of identifying, collecting and 
studying the native flora of the region. The present 
monograph, number 41 in The Institute’s series of pub- 
lications, is a report of just such an expedition to Cuba 
in 1939. The geographical, physiographical and geo- 
logical features of the island are considered in relation to 
the ability of various t 3 rpes of terrain to support plant 
life. Then, in log form, the work presents the chrono- 
logical activities of the expeditioh as it covered its 
extensive itinerary. Particular note is made of the 
taxonomic, physiological, ecological, and pathological 
characteristics of the flora of a considerable portion of 
the island. 

The work is profusely illustrated with photographs, 
charts and maps showing the distribution of the various 
species of plants. A large gatefold, cross-key map of 
Cuba, for ease in locating points of interest in the 
expedition, and an index of scientific names are ap- 
pended. 



Science in the Garden. 

By H. Britton Logan and Jean-Marie Putnam, in con- 
sultation with Lloyd C. Cosper. Foreword by Dr. F. 
W. Went. Dudl, Sloan and Pearce, New York. 
$2.50. 9J X 5}; xiv 255; 1942. 

The first three chapters of this book sketch briefly some 
of the major discoveries from early times to the present 
that have aided in the development of scientific garden- 
ing. The other chapters are more specific with respect 
to the various phases and chores in the propagation of 
plants, such as polinization and the evolution of new 
plants, chemical acceleration of seed germination, prun- 
ing, the effects of light, vitamin Bi, colchicine and other 
substances on plant growth, and the like. In pointing 
out the scientific basis for many of the chores of the 
gardener, the authors explain, wherever possible, the 
“why” as well as the “how” of the procedure in ques- 
tion. Numerous experiments that may be carried out 
with little equipment and small space arc suggested and 
outlined in the last chapter. Written for the layman 
who is interested in “dirt gardening,” the book is au- 
thoritative and it is hoped will inspire new contributions 
to the science of plant propagation. 
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CHZifiCAL Gakdemino. Lotesi Developments in SoUess 
Culture of Plants, 

By D. R. Matlin, Chemical Publishing Company^ 

Brooklyn. $2.25. 8* x 5§; vi + 159; 1942. 
Chemical Gardening is a new 150-page manual for the 
popular occupation of growing plants in liquid and sand 
cultures. This book compares very favorably with ear- 
lier publications on soiless gardening in that it is mainly 
factual, less extravagant in claims and less superficial 
in its treatment of basic principles of plant culture than 
most publications on this subject. A great deal of 
practical general information on techniques of preparing 
and caring for soiless plant cultures is concisely pre- 
sented in 13 separate chapters. 

Several nutrient formulae, charts of mineral defi- 
ciency and toxicity symptoms, brief treatments of the 
function of elements and the use of insecticides, etc. are 
included. The types of equipment and procedures 
suited for commercial protection and home use are 
presented separately. The book therefore may be of 
considerable value to home gardeners in general. 



Histoire de lTnstitut Botanique de l’Universit^ 
DE Montreal 1920-1940. Contributions de VInstitut 
Botanique de VUniversiU de Montrialy No. 40. 

By Frire Marie-Victorin. Institut Botanique de 
VUniversiU de Montrial y Montrial. $1.00. 9x6; 
70; 1941 (paper). 

The historical development, scientific activities and 
publication, personnel, and probable future of The 
Botanical Institute of the University of Montreal are 
discussed in detail in this published form of Frdre 
Marie-Victorin*s presidential address delivered before 
the Canadian Society of Natural History, at the Botani- 
cal Garden of Montreal, in February, 1940. 

The rapid growth of The Institute during the past 20 
years, the excellent service it has performed, and the 
impressive list of publications (this is the 40th) are in- 
dicative of a soimd foundation and able leadership. We 
can rightly expect the future contributions of The Insti- 
tute to be of the same high quality as those of the past. 
Numerous photographs of the buildings, staff, and 
classes of The Institute are included in the volume. 



Cone-Bearino Trees or the Paotic Coast. 

By Nathan A . Bowers, Wkittlesey HousSy McGraw- 
HiU ^ook Companyy New York and London, $2.50. 
8 X 5i; ix -h 169; 1942. 

Realizing a real need for something in between the tech- 
nical treatise and the sketchy “popular” material, the 
author has prepared this comprehensive yet non-tech- 
nical field manual for the use of non-botanical tree 
lovers on mountain trips and in rambling through the 
forests of the Paicfic slope. He offers three keys to 


identification — the Needle Key, the Elevation Key and 
the Geographical Key — ^with complete directions for 
their use. 

The greater part of the book is taken up with descrip- 
tions of the various species conveniently grouped ac- 
cording to geographic districts. There are 57 full- 
page plates, a glossary and an index. 



Plant Biology. 

By Paul Weatherwax. W. B. Saunders Company, 

Philadelphia and London, $3.25. 8i x 51; vi -f 

455; 1942. 

This book has been designed as a text for a one semester 
course in botany or for the botany part of a generalized 
course in biology. Actually, it contains more material 
than can be covered in a short course, but the material 
is so arranged that parts, such as the chapters on the 
great groups of plants, can be omitted or modified to 
suit the aims of the individual teacher. There is a 
glossary, with pronunciation indicated, of terms used 
exclusively in biology or that have some special meaning 
when used in that field which the student should know — 
the list is not confined to words used in this text. The 
book is profusely illustrated with photographs and line 
drawings, many of them by the author himself. 



Plant Lire. A Textbook of Botany. Second Edition, 
By D. B. Swingle. D. Van Nostrand Co., New York, 
$3.00. 9 X 6; xvi + 457; 1942. 

The main emphasis in this text is upon the physiology 
and behavior of plants. It has been prepared for use 
in a short course in botany, affording students who do 
not intend to continue the subject further with a good 
knowledge of the fundamentals and those who do an 
excellent background for advanced study. The revi- 
sion consists mainly in the introduction of a little more 
natural history than the first edition contained, ampli- 
fication of portions that experience has proved were 
treated too briefly for clearness, and the addition or 
substitution of a few new illustrations. 



Contributions de lTnstitut Botanique de l’Uni- 
VERsrrfe DE Montreal. No. 37, Notes sur les Cistes. 
I. La Collection du Bailey Hortorium, by Pierre Dans- 
ereau. Introgression des Characteres de VAcer sac- 
charophorum K. Kooch et de VAcer nigrum Michx., by 
Pierre Dansereau and Andre Lafond. No. 38, tludes 
sur les Hybrides de Cistes. IV. CorrHation des caracUres 
du C, salviifolius L. VI. Introgression dans la section 
Ladanium, by Pierre Dansereau. No. 39, Studies in 
the Genus Heterosporium, by J. Emile Jacques. 

Institut Botanique de VUnhersiti de Montrial, Mon- 
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Md. 9x6. No. 37: 31; 25 cents: No. 38: 67; 25 
cents: No. 39: 46 + 6 plates; 50 cents; 1941 (paper). 



MORPHOLOGY 

Lymphatic System: Its Part in RegtdaUng Compo- 
sUion and Volume of Tissue Fluid, Lane Medical Lee- 
Utres, Stanford University Publications , University Se- 
ries, Medical Sciences, Voi, IV, No, 2, 

By Cecil Drinker, Stanford University Press, Stan- 
ford, $2.25. 10x7; 101; 1942. 

These outstanding lectures, the 28th series in the group 
of Lane Medical Lectures, are destined to become classic 
in their field. Dr. Drinker has summarized in a dear 
and brilliant manner the present status of knowledge 
concerning the lymphatics, reviewing the trends of 
research which have led to the attainment of that 
knowledge and indicating future lines for productive 
study. The lectures were given under the following 
headings: Physiological principles displayed in the 
evolution of the mammalian circulation; Establishment 
and characteristics of the capillary circulation; Appear- 
ance and elaboration of lymphatic vessels; Blood, tissue 
fluid, and lymph as illustrated by experiments upon the 
heart and lungs; Relations of the lymphatic system to 
practical problems in surgery and medicine. 

The essential features of the relations of blood and 
l 3 anph in mammals are listed as follows: 

(1) A dosed system of blood capillaries with endothelial 
walls of vari^ permeability but capable of retaining 
practically all of the blood plasma during the usual con- 
ditions of rapid capillary transit; (2) A variable hydro- 
static pressure in the capillaries; (3) A mixture of ex- 
tracellular nonrespiratory proteins in the blood to which 
the capillary endothelium is somewhat permeable; (4) 
An extravascular tissue fluid, lower than the blood 
plasma in content of blood proteins but in other respects 
practically identical with plasma; (5) A system of closed 
Imphatic capillaries with extremely permeable endo- 
uehal walls, which lacks any inherent propulsive 
mechanism to move l^ph into larger valved vessels but 
is dependent upon mconstant and extraneous forces, 
such as those of muscular activity or massage, to cause 
entrance of fluid, cells, and particles into lymphatic 
capillaries and eventual flow of lymph back to the blood. 

Drinker emphasizes that between fish, which present 
the most primitive expression of these essential features, 
and mammals, where there is the highest complexity, 
no new prindples are disclosed. **One finds, particu- 
larly upon the side of the lymphatics, what seems to be 
a straightforward increase in complexity; and this in 
turn must rest upon greater and greater need for the 
lymphatic system.” . He believes that the solution of 
the appearance and elaboration of the lymphatic circu- 
lation can best be solved by experiments on fish. Func- 
tion oi the lymphatics cannot be isolated from that of 
the blood cafnllaries: *^th serve the same end— the 
maintenance of the internal environment at constant 


composition and volume.” In osmotic pressure of the 
plasma proteins, in infection, and in removal of foreign 
materials the lymphatics are effective, but their real 
usefulness ”is nearly always to supplement reactions 
initiated in the blood capillaries and later in certain 
respects regulated through lymphatic absorption. 
They are functionally distinctive, but as part of a larger 
process — soldiers in an army whose individual perform- 
ance may be arresting, but whose real accomplishments 
are inseparable from those of the army as a whole.” 

Introduction of microchemical methods made it pos- 
sible to make repeated analyses of lymph from the same 
vessel. The problem of fat absorption is now capable 
of study since from small laboratory animals lymph and 
blood can be collected during periods of fat deprivation 
and fat feeding. It will perhaps ultimately be possible 
to trace the gradual steps in the development of one of 
the most specialized features — the villi — of the lym- 
phatic S 3 rstem. 

The volume is beautifully printed and illustrated. 
It is provided with a substantial bibliography but un- 
fortunately there is no index. We strongly recommend 
this book for biological and medical school libraries. 



Functional Neuxoanatomy. 

By Wendell J, S, Krieg, The Blakiston Company, 

PkUaddpkia, $6.50. 10} x 7}; xx + 552; 1942. 
This is a volume, comprising textbook, laboratory direc- 
tions and atlas, which may profitably find its way to the 
desks of many students. From several points of view 
it is highly superior to comparable existing treatises for 
the beginning student. In the first place, in the case of 
each functional system a clear and relevant discussion of 
the structure and function of the peripheral nerves and 
sense organs is included. This, although frequently 
only briefly reviewed in neurology because of the stu- 
dent’s supposed familiarity with it from gross anatomy, 
is extremely welcome here since the student is enabled 
to coordinate it intelligently with his knowledge of the 
related central parts. Second, the book contains ludd 
discussions of many functional aspects of neurology 
which are often available only in textbooks of physi- 
ology, but which do well to share the pages in which 
the related anatomy is described. Finally, a number of 
new and highly original illustrations are included which 
demonstrate vividly many points that are nowhere else 
in print so clearly illuminated. The figures are espe- 
cially fine in the case of gross dissections and of recon- 
structions demonstrating topographical relationships. 
Some students will find helpful the three-dimensional 
interpretations of the atlas drawings. 

Constructed according to the principles of functional 
systems, the work as a whole is often not tightly enough 
organized in detail to complete successfully the whole 
discussion of a system within a sin^ unified section, 
and, therefore, in this respect it is less useful than some 
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of the texts already avalablle. Furthermore, the treat- 
ment of actual fiber-tract connections in both text and 
illustration is less satisfactorily handled and is less clear 
than much of the other material presented. The book 
as a whole, therefore, serves as an excellent and de- 
sirable supplement to already existing textbooks, rather 
than as a substitute for them. 

If a reviewer dares hazard a few suggestions to an 
author who states in the preface of his work that he has 
‘‘satisfied himself that he cannot materially improve on 
it, either in content or form,** the following points may 
be mentioned. The double use of the word thalamus, 
both as an approximate synonym for diencephalon and 
also in its normal sense to describe the thalamus proper, 
is sure to be confusing to beginning students. Contro- 
versial issues (e.g. macular sparing, ipsilateral motor 
representation in the cortex, classification and localiza- 
tion of speech or language mechanisms, etc.) are not 
always judiciously treated. Stereograms designating 
the planes of section are omitted only for the very por- 
tions of the atlas where the beginning student has most 
need of them, namely, the brain-stem anterior to the 
midbrain, where the sections are in a plane intermediate 
between transverse and frontal. 

The book is magnificently printed, but there are 
some bad typographical errors and one tantilizing 
pun — re the “Procrustean six layers** of the cortex. 



A Textbook op Histology. Fourth Edition, Com- 
pletely Revised, 

By Alexander A . Maximow and William Bloom. W. 

B. Saunders Company, Philadelphia and London. 

$7.00. 9ix6J;xv + 695;1942. 

Reviews of the three previous editions of this book have 
appeared in Vol. 6, p. 242, Vol. 10, p. 110 and Vol. 14, 
p. 93 of this journal. Slight additions have been made 
in most of the chapters in order to bring the material 
up to date. A section on the history of histological 
methods has been added to the introduction and re- 
cently developed techniques are included. The section 
on the composition and structure of protoplasm has 
been rewritten by R. R. Hensley. The sections on 
histogenesis and repair in the chapter on bone, the sec- 
tions on the aortic and carotid bodies in the chapter on 
the blood vascular system, and the sections on the white 
pulp, and the union of arteries and veins in the chapter 
on the spleen contain slight changes and additions, as 
do the sections on the thyroid, the parathyroid, the 
pancreas and the skin. The section on the neuron 
doctrine in the chapter on nervous tissue has been re- 
written by S. Polyak, who has also condensed and re- 
vised the section on the retina in the chapter on the eye. 
In the chapter on the female genital S3rstem, the sections 
dealing with the endometrium of the uterus, its cycle 
and endocrine correlations, and in structure in early 
pregnancy have been extensively revised and supple- 


mented by G. W. Bartelmez. The illustrations have 
been increased by 35 new figures, bringing the total 
number to 562. However, the majority of the changes 
which have been cited are of a minor nature. This 
comprehensive book is to be highly recommended for 
the use of medical and pre-medical students, and is a 
valuable reference for any teacher in the biological 
sciences. 



A Text-Book of Nexjeo-Anatomy. Third Edition, 
Thoroughly Revised. 

By Albert Kuntz. Lea and Febiger, Philadelphia. 

$6.00 net. 9| x 5}; 518; 1942. 

This new edition of one of the more popular text-books 
of neuro-anatomy has not undergone drastic alteration. 
Certain chapters, however, particularly those dealing 
with the diencephalon and the structure of the cerebral 
cortex, have been extensively revised and rewritten so 
as to include the newer literature dealing with these 
regions. 

Numerous figures have been replaced by new ones, 
but some of the illustrations still leave much to be 
desired. The absence of a comprehensive, systemati- 
cally arranged series of representative cross-sections is 
regrettable; for such a series is almost indispensable to 
the beginning student, who will be the chief user of this 
publication. 

The chapter on the autonomic nervous system re- 
mains one of the outstanding features of the book. It 
should continue to be of great value to the student in 
correlating the gross and microscopic features of this 
important part of the nervous system. 



PHYSIOLOGY AND PATHOLOGY 

Memoranda on Medical Diseases in Tropical and 
Sub-Tropical Areas. 

The War Office. Reprinted by permission of the Con- 
troller of His Britannic Majesty's Stationery Office. 

Chemical Publishing Company, Brooklyn. $4.75. 

8J X 5}; 282; 1942. 

This is indeed a practical book for one who is concerned 
with tropical and sub-tropical diseases and desires a 
source of authoritative information. The information 
that is compiled has been obtained from the experiences 
of army medical officers who have actually encountered 
the diseases under war conditions. Fortunately the 
non-essentials have been omitted in order to make it a 
small book that one would not hesitate to include among 
his limited equipment. 

As is stated in its preface, the book does not cover the 
whole range of tropical medicine. There are a number 
of relatively rare diseases which might be encountered 
in the tropics about which the book has nothing to 
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relate. Nevertheless the fact that this is the sixth edi- 
tion of the Mmorcmda, indicates that it has proved to 
be a handy manual for use in the field. The diseases 
that are discussed are not limited to those produced by 
one or two general types of etiological agents, but the 
most frequently encountered tropical diseases are dis- 
cussed regardless of the agents or conditions that cause 
them. For instance, diseases caused by infection with 
worms, protozoa, fungi, bacteria and filterable viruses 
are included along with a consideration of arthopod 
pests, heat-stoke and vitamin deficiencies. 

The subject matter is well organized and written in 
an interesting style. After a brief introductory state- 
ment concerning a disease, its etiology, symptoms, com- 
plications, diagnosis, differential diagnosis, prophylaxis 
and treatment are presented usually in the order named. 
The most valuable portion of the discussion usually 
concerns the symptoms and the treatment of the dis- 
ease. The symptoms are described fully and in vivid 
detail, as is possible only by those who have had fre- 
quent experience with the disease. Various types of 
treatment are presented; the ideal treatment where 
time, equipment and supplies are not problems on down 
to the emergency first aid that may be all that can be 
given during active combat. 

In the appendix, the International Rules of Zoological 
Nomenclature are presented with the hope that they 
might be helpful to the medical officer in writing reports 
concerning animal parasites. The text is well illus- 
trated with drawings, photographs, and reproductions 
of fever charts. In addition to the list of contents, an 
index is also included. 



Ambassadoks in White. The Story of American Tropi- 
cal Medicine. 

By Charles Morrow Wilson. Henry Holt and Com- 
pany, New York. $3.50. 9ix6;x-f 372;1942. 
Wilson has effectively brought to the attention of the 
general reader what has long been known to the public 
health officer — the great battle yet to be fought in 
Latin America to combat the deadly toll of infectious 
diseases. 

There are somewhere around a hundred and twenty 
million people in Latin America, from the Rio Grande 
to Cape Horn. At this very moment it is a good bet 
that at least fifty million of them are sick. Sick of 
everything from sprue to l^rosy. Sick of almost aU 
the diseases that we in the Unit^ States encounter in 
our own lives, and of a multitude of savage and highly 
fatal diseases about which we know almost nothing. 

Tuberculosis is to-day the deadliest of tropical dis- 
eases, with infiuefiza-pneumonia, malaria, diarrhea- 
enteritis, diphtheria, infantile paralysis, typhoid, and 
meningitis following in decreasing order. Excluding 
cancer, which is fifth on the list of the ten main causes 
of death, and heart disease, which is ninth, the eight 


remaining principal sources of fatality are the result of 
hostile organisms. ‘^Sickness in Latin America,’* says 
Wilson, **is as much a condition of life as weather or 
food. Even yet we are far from understanding what 
fifty million sick people mean. They signify a society 
of sick men.” 

Widespread illness does not mean that our neighbor- 
ing countries are not canying on a valiant battle against 
disease. The problem is one of great magnitude and 
complexity. Large sections of the population are in 
the midst of vast expanses of jtingle, mountain, and 
desert, or beyond such regions out of communication 
with more progressive peoples. Scarcity of communi- 
cation, clinical facilities and modem equipment, lack 
of independent medical practitioners, illiteracy and 
poverty among large groups of the inhabitants coupled 
with racial prejudices all have a part in making the fight 
to eradicate disease a difficult one. 

It is a stirring story that Wilson tells of the great 
battles that have already taken place against tropical 
disease and of the men — Finlay, Walter Reed, Gorgas, 
Deeks, Noguchi and many others — who have served 
in the fight, also of the work of the United Fruit Com- 
pany, The Rockefeller Institution and other organized 
groups. His statements are supported with biblio- 
graphical notes for each chapter (grouped together at 
the end of the text). A general bibliography of 149 
titles and a chronological list of Latin American epi- 
demics are given in the two appendices and the volume 
is carefully indexed. 



Family Food Consxtmption and Dietary Levels. 
Five Regions. U. S. Department of Agriculture, Miscel- 
laneous Publication No. 45Z. Consumer Purchases 
Study. Urban and Village Series. 

By Hazel K. Stiebeling, Day Monroe, Esther F. Pkip- 
ard, Sadye F. Adelson and Faith Clark. Government 
Printing Office, Washington. 30 cents. 9t x 5}; 
iv + 268; 1941 (paper). 

Food consumption is a subject of universal and per- 
ennial interest. About half of the income of families in 
the lowest third of the income scale goes for food. Even 
those in Uie hishest third put more than a fifth of their 
incomes into this item of the budget. The way food 
money is spent, the choices that families make, is of 
much concern to all interested in human welfare; there 
is a close relationship between dietary adeauacy and 
health. Producers also have an interest in tne volume 
and kind of food eaten by the population. Such facts 
bear directly on the activities and incomes of farmers, 
workers in food industries, and persons engaged in 
transportation and other distributive services. 

The main requirements for eligibility of families for 
this surv^ were: families to include a husband and wife, 
both native-born; the husband and wife to have been 
married at least a year and to have kept house in the 
community studied for at least 9 months of the report 
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year; white families, except in the Southeast, and in 
New York City and Columbus, Ohio, where a separate 
study (included in this report) of Negroes was made; 
no family to have had the equivalent of more than one 
roomer and/or boarder for 52 weeks of the report year 
and no family to have received relief during that period. 
These requirements together with other minor require- 
ments threw families into the study group that were 
generally in better circumstances than those omitted 
from the study. Therefore, the authors point out that 
the “differences between the groups studied and the 
total population should be recognized in using the 
expenditure and consumption data of this volume.” 

The report includes money value of food in a 12- 
month period, dietary patterns as shown by 7-day 
schedules, human requirements for nutrients as dis- 
cussed in this report, nutritive value of diets in relation 
to money value of food, nutritive value of diets in rela- 
tion to degree of urbanization and region, classification 
of diets by grade, etc. This part of the report covers 
73 pages. The remaining 191 pages are taken up with 
four appendixes concerned with table titles, legends for 
the figures, tables, methodology and appraisal, and 
glossary. 



Annual Review op Physiology. Volume IV, 

Edited by James M. Luck and Victor E, Hall. A nnual 

Reviews f Inc. Stanford University ^ P O., Calif. 

$5.00. 8} X 5i; vii -f 709; 1942, 

The Annual Review of Physiology has rightly come to 
fill an indispensable place in the reading of a great num- 
ber of general biologists as well as physiologists. This 
volume is no exception. The articles are of the same 
general type as in previous editions, giving very brief 
but authoritative summaries of the current work in 
various active fields of physiological investigation. 
The majority of articles are on topics which have been 
covered regularly by this review and, in these, most 
of the works cited are limited to the period of 1940 to 
early 1941. Chapters on topics not recently included 
in this review also contain references to older research. 
Because of war conditions the material covered is largely 
by Americans, but foreign papers have been included 
as they have become available. 

The volume contains sections on Permeability, Physi- 
ological effects of neutron rays. Physiological aspects of 
genetics. Developmental physiology. Water metabolism, 
Growth, Energy metabolism, The physiology of the 
skin, The peripheral circulation, Heart, Blood, The 
digestive system, Kidney, Electrophysiology, The 
spinal cord and reflex action. The central nervous sys- 
tem, The autonomic nervous system. Sense organs. 
Metabolic functions of the endocrine glands, The physi- 
ology of reproduction. Physiological psychology. Ap- 
plied ph 3 r 8 iology, and The pharmacology of drug 
addiction. 


The subjects of water metabolism and pharmacology 
of drug addiction appear for the first time in Vim Annual 
and those of permeability and applied physiology 
appear for the first time since 1939. The latter is quite 
different from the first presentation of this subject, and 
deals almost entirely with pressure effects as they are 
involved in aviation and submarine work. Military 
secrecy prohibits the publication of much of the recent 
work dealing with these problems, but the authors of 
this section were able to review a considerable volume 
of valuable work and their discussion does much to draw 
attention to the many problems in this field which 
demand immediate attention. 

Each section of the book is provided with a compre- 
hensive bibliography and there are complete author 
and subject indexes. 



Textbook of Clinical Parasitology: Including 
Laboratory Identification and Technic. 

By David L. Belding. D. Appleton-Century Co., New 

York and London. $8.50. 9| x 6J; xxi -f 888; 1942. 
As inferred by the title, this textbook places emphasis 
upon the clinical aspects of parasitology. It seems to 
possess all the information necessary for a physician to 
diagnose and treat parasitic diseases successfully. In 
spite of this primary interest, the book also presents the 
zoological background of the parasites without which a 
more complete understanding of the diseases would be 
impossible. Experience has demonstrated that success- 
ful prevention and control are only possible through the 
application of a well-rounded knowledge of the subject. 
Such a knowledge can be acquired through a study of 
this book. 

The most outstanding feature of the volume is the 
frequent use of charts and diagrams for presenting vari- 
ous types of data. For instance, they are used to 
graphically present life cycles, geographical distribu- 
tion, pathology, symptomatology, treatment, classifica- 
tion, and morphology. They are not presented to take 
the place of descriptive text, but serve as clear, concise 
summaries and readily available sources of information. 
The student will find them a great help while endeavor- 
ing to acquire the fundamental facts. Others will find 
them equally helpful for refreshing their memories on 
subjects studied in the past. 

The protozoa, helminths, and arthropods that cause 
human diseases are discussed in the order named. 
Some of the closely related parasites of lower animals 
are also included. The first several chapters are de- 
voted to parasitism in general and the frequent relation- 
ships that exist between the parasite and the host. The 
last section of the book presents the technical methods 
for the diagnosis and treatment of parasitic infections. 
This section is well organized and should prove to be a 
help to one actively engaged in these phases of the 
subject. In addition to the bibliography, references to 
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the original literature are conveniently placed at the end 
of each chapter. Both a subject and an authors’ index 
are included. 



Outlines of Food Technology. 

By Harry W. von Loesecke. Retnhold Publishing 

Company, New York. $7.00. 9x6; 505; 1942. 
The beginning of the modem food industry dates back 
to the era of Pasteur with the overthrow of the theory 
of spontaneous generation. Up to about 100 years ago 
salting, drying, and, to a much less degree, chilling were 
the only known methods assuring the prolonged preser- 
vation of food. Within more or less of a century what 
is probably the greatest industry in the world, the 
production, preservation, and shipping of food, has 
developed. 

The money spent in obtaining food far exceeds that 
for any other purpose. The number of people gainfully 
employed in supplying the world with food is greater 
than any other occupation. The farmer raises his 
crops and livestock which he turns over to thousands of 
others to market. To convert these materials into raw 
food products many thousands more are employed in 
canning, baking, confectionery making, sugar refining, 
wholesale and storage warehouses, stores, hotels and 
restaurants. To this vast army may be added those 
employed in manufacturing dii^es, silverware, mach- 
inery for processing foods, bottles, cans, cartons and 
thousands of other accessories indispensable to the 
food industry. 

In the present volume von Loesecke has described 
briefly the more important processes in food production. 
Even with such a limitation — omitting all detailed 
descriptions of the preparation of the different food 
materials or the appraisal of nutrient values and the 
inclusion of only a minimum of statistical data — the 
volume contains an enormous amount of informative 
material. The usefulness of the volume is extended by 
the carefully prepared '^suggested readings” list accom- 
panying each chapter. The subject matter is divided 
as follows: tin and glass container; fruits and their prod- 
ucts; canning of vegetables; dairy products; meat, meat 
products and poultry; flsh and shellfish; grains and their 
products; edible fats and oils; sugars and starches; nuts; 
spices, relishes, essential oils, and extracts; beverages; 
confectionery, jams, jellies, preserves and certified dyes; 
storage and marketing of fruits and vegetables; and 
preservation of foods by freezing. The volume is well 
illustrated and indexed. 



The Comflete Book of Diets foe All Ages Incxud- 
iNG Medical Dietetic Suggestions for 325 Coiocon 
Ailments. 

By Rickard M. Field. DoMeday, Doran and Com- 
pany, New York. $2.50. 8xS|;Uv 4-272; 1942. 


The author’s 25 years of successful medical practice, as 
well as his recent experience in formulating corrective 
dietary charts and serving as an authoritative adviser 
and consultant on matters pertaining to diet in relation 
to health and disease, have well qualified him for the 
task of preparing this comprehensive work. Although 
intended primarily for use by the general practitioner, 
the book is written clearly and simply enough to be 
profitably used by the intelligent layman. 

Part I of the volume lists the nutritional require- 
ments for man at various ages and suggests 8 normal 
diets to be followed imder conditions of normal health. 
Listed also are 24 corrective diets suggested for the cure 
or treatment of some 325 common ailments. Through- 
out this section, the author emphasizes the fact that 
diet alone, without the supplemental aid of good hy- 
giene, mental and emotional stability, and freedom from 
the multitude of modem worries,” cannot bring miracu- 
lous cures over night. Stress is also placed on the fact 
that most people of our day resist any attempt on the 
part of the physician to tell them what they must and 
must not do, and that the best way for the physician to 
achieve the desired result is to hand them a list of sug- 
gestions. 

Part n of the book deals with the recent (1941-42) 
trends in balanced nutrition. There is a plea for com- 
mon sense in balancing meals; a complete debunking of 
many overrated commercial products having a direct 
bearing on nutrition; and some sound advice on the 
selection of many food products. 

The work is authoritative and up-to-date, and as 
such, it will undoubtedly find a welcome place on the 
library shelves of many general practitioners as well as 
nutrition-conscious laymen. 



Superior Children Through Modern Nutrition. 
Haw to Perfect the Growth and Development of Your 
Children from Birth to Maturity. 

By I. Newton Kugelmass. E. P. Dutton and Com- 
pany, New York. $3.50. 8i x 5J; xiv -f- 332; 1942. 
The purpose of this book is to help parents perfect the 
growth and development of their infants and children. 
It grew out of the application of the newer knowledge of 
nutrition in the pediatric practice of the author. One 
of the outstanding features of the volume is the recog- 
nition that no two children are alike — that all children 
do not respond with equal benefit to a “well-balanced 
diet for the average child.” The author takes into con- 
sideration the body-build, age and mental attitude of 
the child so that parents can pick out the proper combi- 
nations and prepare the kind of meals that will be 
consumed widi utmost benefit for physical and mental 
growth to maturity. The following subjects are dis- 
cussed: modem materials of life, energy and vitamin 
foods, minerals as protective foods, nutrition for superior 
growth, individualized newborn, breast and artificial 
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feeding, mixed feeding, food allergy, feeding behavior, 
dietary needs of every age, feeding according to body 
build, preventing constipation, safeguards for economi- 
cal living, helping lean and fat children, and vitamin 
values of common foods. A helpful feature of the book 
is the ^^questions and answers” which are appended to 
most of the chapters. Complete tables of vitamins and 
minerals are included with instructions as to how much 
of each shoiild be given and in what form each is most 
effective. Even the costs of these health-builders are 
considered in the author’s recommendations. 

This excellent book is recommended to parents and 
to school, camp, hospital, Red Cross, and day-nursery 
officials who may not have the time or the opportunity 
to study the technical aspects of nutrition. It should 
be widely accepted. 



Modern Medicine: Its Progress and Opportunities, 

Netta W. Wilson and S, A, Weisman, George W, 

Stewartf Publisher, New York, $2.00. 8 x 51; vi + 

218; 1942. 

This is the sort of book which this reviewer believes 
should be in every family library for it contains the 
authoritative information that all intelligent and well- 
informed laymen like to have about the important as- 
pects of modem medicine. The main ideas, the great 
discoveries, the cures, and the personalities that have 
advanced the practice of medicine all are recounted 
here. The chief problems that modern medicine is 
trying to solve, other problems that have been solved 
in the past, the most recent developments in medical 
theory and practice, and the opportunities for careers 
that should especially interest young men and women 
are all discussed completely by the authors. The 
stories of bacteria, virus diseases, animal parasites of 
man, vaccines and serums, animal experimentation, the 
heart and some of its diseases, the blood and some of its 
diseases, tuberculosis, cancer, surgery, anaesthesia, the 
endocrine glands, and nutrition are all told in succession 
in a most entertaining and instmctive manner. The 
book concludes with a chapter on **Modem medicine 
looks forward.” Appended to the volume are a com- 
prehensive list of books to read about modem medicine 
and a complete index. 

This book is heartily recommended to all those adults, 
young and old, who have a normal interest in science 
and in the world about them but who know nothing 
technical or detailed about human physiology and the 
intricacies of modem medical practice. 



Rabies. 

By Leslie T, Webster, The Macmittan Company, 
New York, $1.75. 8 x Si; vi + 168; 1942. 

With rabies becoming more and more a community 


problem the public is demanding information on two 
cardinal points: how rabies is diagnosed and how rabies 
can be controlled. The author feels that there is defi- 
nite need for some treatise on rabies, critical, fairly 
inclusive, but simple and available to all. This book 
is an attempt to fill that need. Since the questions of 
diagnosis and prevention seem uppermost in the minds 
of most inquirers the author focuses the subject matter 
on these two problems. Quantitative data and present 
concepts are stressed rather than original observations 
and the chronological development of ideas. In addi- 
tion to a long-needed survey of the available literature 
on rabies, the author gives a detailed report of the 
Rockefeller Institute’s “mouse tests” for diagnosis and 
for evaluating rabies vaccines. The discussion in- 
cludes: rabies in animals and in man, the cause, diagno- 
sis, history and epidemiology of rabies, and the preven- 
tion of rabies prior to and following exposure. There is 
a complete bibliography and a comprehensive index 
provided. The appendix contains information relative 
to the disposal of rabid and of vicious dogs, confining 
animals to prevent spread of the disease, rabies anti- 
bodies and their relation to immunity, and immunizing 
potency of antirabies vaccines. 

This volume will prove useful to the dog owner and 
general public, and indispensable to those engaged in 
rabies research, to doctors and veterinarians, and to 
public health administrators. 



Intimate Bacteriology: A Text and Laboratory 
Manual, 

By Casper /. Nelson, Burgess Publishing Company, 

Minneapolis, $2.50. 10 J x 8J; v 166; 1942. 
Designed for use in the teaching of continuation classes 
in general bacteriology, the plan of this combination 
text and laboratory manual is to present the relation- 
ship of bacteria to the human body from the very begin- 
ning of the individual’s existence to old age and death. 
This it does in a very commendable and novel fashion. 
Some of the more interesting chapter headings have to 
do with: prenatal infections, bacterial flora of the intes- 
tinal tract, weaning, constipation, use and abuse of 
cathartics, correction of health through diet, food poi- 
soning, public sanitary services, the disposal of sewage 
and its relationship to public health, the respiratory 
tract, children’s diseases, the skin and hair, and immun- 
ity and allergy. In the section of the book devoted to 
laboratory exercises, complete descriptions and direc- 
tions are provided for a semester’s work in the labora- 
tory — ^with many of the standard exercises available 
along with a number of interesting new ones. Refer- 
ences are given as footnotes throughout the book. 
There is no index. The book is illustrated with a num- 
ber of drawings. 

The volume is recommended for that group of stu- 
dents who, having been intrigued by a general course in 
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microbiology, would like to leam just a little more with 
special regard to self-application, but do not necessarily 
wish to foUow into the field of medicine. For them, 
this method of presentation should hold their interest 
in a natural and effective way. 



The Conquest of Bacteria from Salvarsan to Sul- 
phapyridine. 

By F. Sherwood Taylor. Foreword by Henry E. 

Sigerist. PkUosopkical Library and Alliance Book 

Corporation, New York. $2.00 SJ x 5f ; 178; 1942. 
This book, written by one of England’s most eminent 
scientists, is the story of the chemical discoveries which 
conquered disease, and of the men behind these con- 
quests. The appeal of the volume is quite definitely to 
the layman who is interested in reading a fascinating 
study of a subject heretofore reserved mainly for the 
specialist. The author discusses in order: bacteria and 
disease, the body’s defenses, the development of drugs, 
the rise of chemotherapy, prontosil, the sulphonamide 
group of drugs, sulphonamides and Streptococcus pyo- 
genes, pneumonia and M and B 693, further triumphs — 
including limitations of treatment and mode of action — 
and, finally, the need for continued research, including 
material on the present expenditure of public money on 
health services and on research, the present state of 
research, and the work of the various pharmaceutical 
firms in relation to chemotherapeutic research. There 
is no bibliography, but a comprehensive index is avail- 
able. There is also a table of the various sulphonamide 
drugs. 

Many readers will find this the best type of popular 
book on a scientific subject, and it should be warmly 
received by the thousands of people who have read 
accounts of the new miracle drugs and who would like 
to know the latest developments concerning them, as 
well as something about their interesting history. 



The 1941 Year Book of General Medicine. 
Edited by George F. Dick, J. Bums Amberson, George 
R. Minot, William B. Castle, William D. Stroud and 
George B. Eusterman. The Year Book Publishers, 
Chicago. $3.00. 7 x 4); 848; 1941. 

The merits of this group of the well-known ^Tear Book 
Series” are sufficiently wide-spread to obviate the neces- 
sity of saying much about the book. The subject mat- 
ter is divided into five sections: infectious diseases, 
diseases of the chest, of the blood and blood-forming 
organs, of the heartland blood vessels, and of the diges- 
tive system. The distinguished editors of the volume 
have examined the voluminous literature in the above- 
mentioned five fields of general medicine and have 
selected the more important and more promising articles 
which are here collected and published in one volume of 


850 pages for the reference use of the general practi- 
tioner, the medical student, and the seasoned investi- 
gator, to all of whom this book should prove indispensa- 
ble. Here are recorded the latest developments in: 
sulfonamide therapy, pneumonia, tuberculosis, pneu- 
moconiosis, anemias, nephritis, electrocardiography, 
diabetes, vitamin nu^tion, hemophilia, hypertension 
and poliomyelitis — to mention only a few of the sub- 
jects considered. The book is illustrated with numerous 
photographs, drawings, charts, tables and graphs, and 
there is a complete index of the subject-matter, as well 
as an index to the authors represented. 



Introduction of Hitman Physiology. Third Edition, 
Revised. 

By Lathan A. Crandall. W. B. Saunders Company, 

Philadelphia and London. $2.25. 7} x 51; xii 

388; 1942. 

This little volume is recommended for. introductory 
courses in physiology for college students and nurses. 
The most essential phases of the vast modem science of 
physiology have been selected and presented in the 
simplest possible fashion with often more attention to 
the practical than to the theoretical aspects of the sub- 
ject matter. 

The book was first written in 1934. For this third 
edition the author has added a new chapter on nutrition 
and has extensively revised the sections dealing with 
metabolism, the function of capillaries, etc. In order 
to be up-to-date he also gives considerable space to a 
discussion of the problems of respiration in relation to 
high altitude flying. Most of the 113 illustrations are 
well chosen and very helpful to the reader, but some are 
not clearly reproduced or else too much reduced in size. 

There is a good glossary, an adequate index and a 
very brief list of references for additional reading. Pre- 
cisely because this book is intended for beginners, a 
chapter outlining the historical development of physiol- 
ogy would have been desirable at least to indicate that 
we are still in the midst of rapid advances in the full 
understanding of the real functions of our bodily struc- 
tures and their manifold interrelations. 



The Physiology of Domestic Animals: with a Chap- 
ter on The Physico-Chemical Basis of Physiological 
Phenomena, by E. A. Hewitt: A Part on the Endocrine 
Organs and Reproduction, revised by S. A. Asddl. Fifth 
Edition, Revised. 

By H. H. Dukes. Foreword by H. D. Bergman. 
Comstock Publishing Company, Ithaca. $6.00. 9x6; 
xiv + 721; 1942. 

The present edition, the fifth since the volume first 
appeared in 1932, has been revised and much of it com- 
pletely rewritten. A number of subjects have been 
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added, such as a chapter on digestion in the chicken, 
sections of respiration in birds, urine of the chicken, 
reproduction in the fowl, and physiological oxidations. 
The nmterial on the endocrine organs has been merged 
with the part on reproduction under the heading ^^The 
endocrine organs and reproduction.” Much of the 
anatomical material in the part on the nervous system 
has been deleted in the present edition and many 
changes have been made in the illustrations. 

, Originally designed for students of veterinary medi- 
cine, with the extensive revision and up-to-date presen- 
tation of the subject, the usefulness of the volume ex- 
tends to workers in animal husbandry and practitioners 
of veterinary medicine. The volume will also be found 
invaluable in those biological laboratories where there 
is much experimental work with animals. 



Food Values in Shakes and Weights. 

By Clara Mae Taylor, The Macmillan Company, 
New York, $1.50. 9} x 7; 92; 1942. 

Out of the recent nutrition-consciousness of America 
has arisen the need for just such a handbook as the one 
under review. For the layman who wants to know the 
relative values of various foods as regards their nutri- 
tional components, as well as the minimal nutritional 
requirements for normal health and vitality, this book 
will undoubtedly prove to be both valuable and popular. 

After a brief discussion of the minimal daily nutri- 
tional requirements of the human body in terms of 
calories, proteins, calcium, iron, vitamin A, thiamin, 
ascorbic acid, and riboflavin, (30 shares of each are 
designated as the daily requirement for a moderately 
active man) the work lists, in Table II, some 500 dietary 
items showing the number of shares derived from a given 
quantity of food, and in Table IV, the same dietary 
items giving the food values in weights. There is a 
brief graphic presentation of the comparative nutritive 
value of several foods. Space is provided for recording 
calculations of food intake for one day in terms of 
shares, weights, and menus. 

The work carries a bibliography of 15 titles. 

The 1941 Yeah Book of Public Health. 

Edited by J, C. Geiger, The Year Book Publishers, 
Chicago, $3.00. 7 x 4|; 544; 1942. 

Under the following headings Geiger has grouped the 
summarized material which he has selected from a large 
number of journals as being outstanding for the year 
and of greatest usefulness to his readers: medical care, 
child hygiene, communicable diseases and epidemiology 
(4 divisions), dental hygiene, food and milk, health edu- 
cation, hospital hygiene, housing, industrial hygiene, 
laboratory, maternal care, mental hygiene, military 
hygiene, nursing, nutrition, and statistical. 


Many of the articles are accompanied by brief edi- 
torial notes (in small type), and in some instances figures 
and tables have been included. There is a general 
index and one of authors. A handy volume which will 
well serve the busy public health worker as well as others 
interested in contemporary public health developments. 



BIOCHEMISTRY 

A Symposium on Respiratory Enzymes. 

By Eric G, Ball, Fritz Lipmann, Kurt G, Stem, Fritz 
Schlenk, et al. University of Wisconsin Press, Madi- 
son, $3.0a 9ix6;xii-f 281;1942. 

The extremely rapid advances which have been made 
in our knowledge of enzymes and their action during the 
past few years have made it practically impossible for 
most biologists to keep up with the voluminous literature 
on this subject. However, a knowledge of enzyme 
chemistry is increasingly important in interpreting and 
evaluating other biological data. Reviews of the nature 
of this symposium are therefore extremely valuable to 
the general biologist as well as to the en^me specialist 
This book represents a compilation of the most recent 
facts and theories dealing with the particularly impor- 
tant enzymes of respiration and intermediary metabo- 
lism by 27 contributors including many of the most 
active American investigators in the field. The Fore- 
word states that the symposium was primarily designed 
to discuss the interrelations of vitamins and en^mes, 
but respiratory enzymes not directly correlated with 
vitamin action are also included. This is necessary to 
give a well-rounded picture of the subject, as it would 
be impossible to consider the pyridine nucleotides or 
flavoproteins as systems isolated from respiration in 
general. 

The contributors include theory and speculation as 
well as established fact in their papers and differences 
of opinion on such issues as the citric add cyde and the 
“by-passing” of the cytochrome system present points 
of view to be evaluated by the reader. The consider- 
able emphasis placed on the unsolved problems in the 
field gives the book added value to those who are ac- 
tively interested in the problems of respiration. 

Each article is accompanied by a good bibliography. 
In view of the tremendous volume of literature on this 
subject, these can hardly claim to be complete, but they 
do represent the most pertinent artides and provide a 
suitable starting point for anyone wishing to investigate 
a particular problem more thoroughly. There is no 
index, but the very complete table of contents makes 
the material readily available for reference. 

There can be little question but that this book will 
adequately fill the need for a concise and authoritative 
review of our present knowledge concerning re^iratory 
enzymes in both normal and pathological tissues. It 
should be of value both to the biochemist and to the 
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general biologist striving to keep abreast of this rapidly 
espanding field. 



From Witchcraft to Chemotherapy. The Linacre 
Lecture 1941. 

By Sir Walter Langdon-Brown. Cambridge^ at the 

Unwersity Press. 60 cents. 7i x 4i; 60; 1941 

(paper). 

To comprehend witchcraft Langdon-Brown says that 
* Ve must see it as an expression of the thwarted instinc- 
tive self turned renegade and forcing its way into consci- 
ousness again with an evil leer. Witchcraft and fertility 
rites had seized on the imagination of people thousands 
of years before the introduction of Christianity.” 
Witchcraft he conceives to be “the persistent vestige of 
the old fertility religion.” It is estimated that through- 
out Europe, within the space of 100 years, something 
like two million persons were burned as witches. That 
in the 17th century such persons as Sir Thomas Browne, 
Henry More, and Joseph Glanvill believed in witches 
was due probably to the fact that to doubt the existence 
of evil spirits implied an equal doubt in the existence of 
beneficent spiritual forces. 

The widespread use of drugs and poisons in the magic 
rituals led empirically to the discovery of the therapeu- 
tic value of many of these. It is estimated that 137 
modem botanical remedies undoubtedly emanated from 
folk-medidne, and that 25 probably and 17 possibly did. 
The author lists briefly the supposed characteristics and 
virtues of the following: mandrake, poppy, aconite from 
monkshood, and conium from hemlock, cinchona and 
mistletoe, wormwood, chamomile, scurvey grass, digi- 
talis, and valerian. It was not imtil the end of the 18th 
century with the revolution in chemistry that pharma- 
cology could properly evaluate these and similar herbs 
and drugs. But the great change was not to come until 
a century later with the discovery of endocrines, anti- 
toxins, vitamins, and X-ra}^ and radium, all within a 
comparatively brief period. Then began the era of 
chemotherapy “the last great triumph of therapeutics.” 



A SiMPimED System of Organic Identification. 

By J. L. B. Smith. Chemical PutUshing Company, 

Brooklyn. 11.50. 8} x 5i; 48; 1942. 

The scheme presented in this workbook uses to the ut- 
most the simple, practical, and time-saving taste, odor, 
color, and reaction tests in identif 3 dng a large number of 
organic compounds, and is completely devoid of the 
theoretical principles and detailed formulae jhiherent in 
most organic texts. The work is set up in the form of a 
key, using generally a binomial system to describe pro- 
gressive reactions; e.g. “neutral or only faintly acid vs. 
distiiictly add”; “immediate pink color vs. no bright 
funk color”; “insoluble vs. soluble”; etc. 


Except for the alkaloids and dyestuffs, the manual 
covers a range of material (some 250 individual com- 
pounds) which more than meets the requirements for 
the A.B. degree, and with suitable selection and elimi- 
nations, can be adapted to meet the needs of many 
college class levels. The value of this revolutionary 
method of presentation is attested by the success with 
which it has been employed by the author for a number 
of years in his dasses at Rhodes University College, 

Grahamstown, South Africa. 

^ • 

An appendix listing the composition and strength of 
a number of reagent solutions, and a complete index are 
provided. 



Bibliography of References to the Literature 
ON the Minor Elements and TafeiR Relation to 
Animal Nutrition. Third Supplement to the Third 
Edition. 

Originally compiled by L. G. Willis. Chilean Nitrate 
Educational Bureau, New York. Free. 11x8}; 78; 
1942 (paper). 



SEX 

Sex Guidance in Faihly Life Education. A Hand- 
book for the Schools. 

By Frances Bruce Strain. The Macmillan Company, 

New York. S2.25. 8 x 5|; viii -f 340; 1942. 

Mrs. Strain’s wide experience in sex education has well 
fitted her to write the present book. It is designed for 
the use of the teacher. The author emphasizes the need 
for a long range program in sex education in schools 
through all the grades from primary to junior and senior 
high schools. That there is need for such a program, 
especially during the present conditions of war with the 
accompanying disorganization of homelife there seems 
little doubt. There is far more in sex teaching than the 
simple facts of mating, fertilization, and birth of human 
beings, as Mrs. Strain dearly shows. Many of these 
divergent problems can be more naturally dealt with 
in the school than in the house, but sex education should 
really be “a matter of cooperation between home and 
school, each doing its part.” 

It is recommended that the terms and phrases which 
belong to past thinking be abandoned. 

There is the king-word itself, ‘Sex’, weighted with all 
the bias and calumny of centuries .... Yet how diffi- 
cult it is to replace. 

In the upper grades where the program has cr 3 rstal- 
lized into a definite entity, a name for the study would 
give significance and prestige. ^Human Relation- 
ships,’ ‘Family Living,’ Preparation for Marriage’ are 
all appropriate for a year’s or a semester’s course of 
study. 

Sex Guidance is the chronide of the unfolding of a 
child’s sexual nature from the first days of his entrance 
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into school to the last before graduation. In the ob- 
servation of this unfolding, a teacher will come to find 
many of the partitions and boundaries in her mind 
shifting or disappearing altogether. She will find that 
much conduct wnich appears to be sexual is social, and 
much that is social is sexual, that affection often wears 
the mask of cruelty, and cruelty the mask of affection. 
The sex education student today will need to be not 
only a biologist but a psycholo^st. He must be as 
much concerned with the dS^amics of social and emo- 
tional growth as with reproduction, as skilled in inter- 
pretation of conduct as of chromosomes and the Men- 
delian Law. 

We strongly recommend this book to all teachers 
whether it is their lot to take part in a program for sex 
education or not. It carries much wisdom and sensible 
advice for which all who have to do with young people 
will be grateful. 



Mice, Men, and Elephants; A Book about the Mam- 
mals. 

By Herbert S. Zim. Illustrated with Drawings by 

James Macdonald and with Photographs. Harcourt, 

Brace and Company^ New York. $2.00. 81 x 5}; 

213; 1942. 

The problem of instruction in sex and its allied fields is 
probably one of the most difficult tasks in secondary 
education and the techniques of presenting this informa- 
tion are indeed numerous and varied. In this very 
simply written little book about the mammals the 
author, a teacher of science, has endeavored to answer 
the questions which he has found from his own experi- 
ence uppermost in the minds of several thousands of his 
pupils — questions about themselves and other animals. 
Instead of giving isolated answers he has tried to fit 
them into their place in the general scheme of things. 
For example, he leads up to the principal facts about 
reproduction in man by first describing the general plan 
followed by all mammals from the smallest to the largest, 
and then points out the differences in the details of this 
plan found among the various types of mammals, in- 
cluding man. 

“When you know more about your relatives, the 
mammals, and how they live, you will understand more 
about yourself — about the parts of your own body, 
what they are for, and how they work.” 

The book is illustrated with photographs and draw- 
ings. 



BIOMETRY 

Annual Bulletin of Vital Statistics for the 
Year 1940. Including Summary Vital Statistics for 
1921-im. 

State of Tennessee Department of Public Health. 
Nashville, Tennessee. 11 x 8}; 80; 1942 (paper). 


In this bulletin are presented a summary of the vital 
statistics data for the year 1940 in relation to the data 
for previous years, summary tables with the data for 
the state for the 20 years, 1921-1940 inclusive, and de- 
tailed data for 1940 for the state, urban and rural areas, 
for the twelve cities with populations of 10,000 or more, 
and for the ninety-five counties in the state. The 
causes of death have been classified under the title 
numbers of the 1938 Revision of the Manual of the Inter- 
national List of Causes of Death used with the Manual 
of Joint Causes of Death. In the presentation of the 
data both recorded and resident data are shown. For 
the first time in 1940, a secondary or first contributory 
cause of death has been tabulated in addition to the 
usual primary cause. The present Bulletin contains 
five complete tables, giving information relative to: 
population, births, stillbirths, deaths, infant deaths, 
and maternal deaths — with rates. The principal causes 
of death in 1940 have been studied for five adult age 
groups with somewhat surprising results in the younger 
age groups. There is no index provided. 



Resident Vital Statistics of Cities and Counties 
— New York State 1930-1939. Births^ Stillbirths, 
Infant Mortality, Deaths from Important Causes, and 
Cases of Certain Reportable Diseases. 

New York State Department of Health. Albany, N. Y. 

9x5}; 135 -f 3 maps. 1942 (paper). 

The tables in this report show the basic vital statistics 
of New York State, New York City, and the rest of the 
State subdivided by counties, and places over 10,000 
population in each of the years 1930-1939, and in the 
two five-year periods 1930-1934 and 1935-1939. The 
estimates of population are based on the federal censuses 
of 1930 and 1940. The statistics for areas in which 
state or federal institutions are located are exclusive of 
these institutions. All births have been allocated ac- 
cording to the usual place of residence of the mother. 
Cases and deaths from communicable diseases have 
been allocated to the place of origin of disease, and 
deaths from all other causes have been allocated to the 
usual place of residence. The rates for 1930-1034 and 
1935-1939 are based not on annual averages but on the 
combined population and the total number of births 
and deaths for eath of the five-year periods. In addi- 
tion to the tabular material, certain data are included 
in pictorial form. There is no index provided. 



The Bulletin of Mathematical Biophysics. Vol- 
ume 4, Number 4, December 1942. 

Edited by N. Rashevsky. University of Chicago Press, 
Chicago. 

This number contains the following papers: An analysis 
of the shapes of a cell during division with particular 
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reference tx> the r61e of surface tension, by H. D. Lan- 
dahl; Equilibrium shapes in non-uniform fields of con- 
centration, by H. D. Landahl; Cellular forms: The 
tri-axial cell, by Alston S. Householder; The linear 
theory of neuron networks: The static problem, by 
Walter Pitts; Some problems in mathematical bio- 
physics of visual perception and aesthetics, by N. 
Rashevsky. 



PSYCHOLOGY AND BEHAVIOR 

Sensation and Perception in the History of 
Experimental Psychology. 

By Edwin G, Boring. D. Appleton-Century Com- 
pany, iHew York and London. $5.00. 8} x 5}; xv -f 
644; 1942. 

This important book is a part of a larger plan. In 1924 
the author had resolved to write a history of experimen- 
tal psychology which should include an introductory 
account of the principal men and schools, to be followed 
by the main historical discussion of development in the 
various traditional fields of psychology. By 1929, 
however, the introduction on men and schools had 
become a sizable book in itself and this admirable work 
was then published under the title of A History of Ex- 
perimental Psychology. By 1942, and in a somewhat 
similar fashion, the treatment of the vast literature in 
the traditional fields of sensation and perception became 
the present book. A third book may be written later 
on; this would present the experimental history of the 
remaining fields including emotion, learning, thinking, 
action, and attention. 

The author writes that his histories are not historian’s 
histories. ^'In both I have written solely to show how 
psychology came to be as it is now.” This means that 
events which were outstanding in the past but not 
effective in shaping the present get little consideration. 
For instance, Weber’s law and the nativism-empiricism 
controversy had both loomed large in the nineteenth 
century but they loom small today and in this book. 

The first chapter deals, in historical perspective, with 
the general nature of sensation and perception, while 
the second is concerned with the physiology of sensa- 
tion. There follow six long chapters devoted to visual 
matters and next come three substantial chapters on 
audition. These visual and auditory sections together 
comprise over one-half of the entire volume. Then 
follow the briefer treatments of the other sense fields. 
The next to the last chapter tells of the perception of 
time and motion while the final chapter is a brief and 
general analysu of the nature of scientific progress in 
relation to human thinking. 

It is not surprising that the author was keenly alive 
to the difficulties and the responsibilities of his tasks of 
selection and presentation. He understood so well 
*^how a mood that determined the choice of an after- 


noon’s exposition can fix the ‘truth’ of a certain matter 
upon graduate students for years to come.” It was 
clear to him how personal interests or specialties tend 
to obtrude themselves unduly. He went to the original 
sources often to avoid the bias of rewritings. He used 
liis guiding principle to write “solely to show how psy- 
chology came to be as it is now.” 

Unfortunately, Boring is not able to show just how or 
what psychology is now. He is powerfully motivated 
to do a good job, and it was for that very reason, per- 
haps, that caution caused him to revert to the tactic of 
1929. At that time he wrote “a spindle-shaped his- 
tory,” one which deals with the half-century, 18^1910, 
plus preceding developments and consequences. The 
more distant past was “tapered” and he felt unsafe 
about saying much regarding psychology since 1910. 
Exceptions were made in case of Gestalt psychology and 
behaviorism “because of the light tbat each casts back- 
ward upon the past.” In the present volume the 
author seems satisfied up to 1920 at which time he 
starts to taper off or slow down. He stops at 1930, but 
again there are certain exceptions, this time most no- 
table in the realm of audition. 

We can understand the lack of perspective and the 
confusion of recency; the reluctance to crystallize in 
writing what still seems fluid. But in the case of this 
book on two of the most broadly important categories 
of psychology, much is lost by not carrying the exposi- 
tion down to date. Recent material could have been 
duly qualified and subject to later revision, but it could 
have been as valuable and worthy as the recent reviews 
of special topics. 

The content of this history is not limited on the side 
of recency alone. When the earlier work was written, 
the term experimental psychology meant “the general- 
ized, human, normal, adult mind as revealed in the 
psychological laboratory.” This meaning has been re- 
tained substantially in the present work, and the 
obvious result is a lack of much material in animal, 
abnormal, and child psychology — ^material which 
psychologists today call experimental. There is, to be 
sure, a limit to every literary effort, and this author has 
been conscientiously explicit regarding the limits of 
what has turned out to be a very fine book. 

Each chapter ends with several pages of scholarly 
notes which not only add to the value of the text but 
also may serve as points of departure for further read- 
ing. There is a detailed index of subjects as well as an 
index of authors. The text is illustrated with 96 
figures. 



Poetry and Prophecy. 

By N, Kershaw Chadwick. CambridgCf at the Univer- 
sity Press; The Macmillan Company ^ New York. 
$1.75. 7ix4i;xvi-|-110;1942. 

The greatest cleavage plane in the human species is not 
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that between capital and labor, or that between the 
white and yellow racea, or that between militarum and 
pacifism, for these antitheses, while they may disap- 
prove of each other, can at least imderstand each other. 
Often the capitalist began life as a laborer, and almost 
always the laborer has ambitions to become a capitalist. 
But between the general run of the population and 
those chosen few who have mystic experiences there is 
a great gulf fixed. 

Within recent years there has been a renaissance of 
interest in mysticism. This is natural in view of the 
failure of those who consider themselves hardheaded 
practical men to make democracy safe for the world. 
The multitudes in the Vale of Decision have lost confi- 
dence in their leaders, and are lifting their eyes to the 
mountains for help. Under these circumstances it is 
not surprising that fake prophets have arisen and con- 
tinue to arise, proclaiming divers and strange teachings, 
who claim access to ultimate reality by means other 
than the senses recognized by science. Probably there 
is no subject about which more egregious nonsense has 
been written, or which has been more deeply infested 
with charlatans, than mysticism. 

But we cannot lightly dismiss all mystic phenomena 
as spurious. The well authenticated achievements in 
science of Emmanuel Swedenborg preclude the possibil- 
ity of his having been mentally defective, and the works 
of Santa Teresa are not what we should expect from an 
imposter. Rather do they testify of her faith and re- 
mind us that “by their fruits shall ye know them.” 

Therefore an impartial, dispassionate scientific in- 
vestigation of mystic phenomena seems urgent. But 
such would be attended with difficulty. One authority 
rather discourages the imdertaking on the ground that 
the scientific method can apprehend no new truth, and 
that consequently another method is needed which can 
penetrate beyond the bounds of the proper field of 
scientific activity. Such a pessimistic appraisal of the 
capacity of the scientifically trained mind is fortunately 
not shared by the author of the book now under con- 
sideration. 

Realizing that all scientific research must begin with 
facts, and that in this case sufficient facts are not 
available, the author has combed the written and the 
unwritten literature of the primitive peoples of three 
continents, making no assumptions, drawing no conclu- 
sions, but always laying foundations for further work. 
She finds no grounds for the popular belief that the 
sha m ans or medicine men of primitive cultures were 
mentally or physically unstable; on the other hand they 
are generally superior both mentally and culturally to 
the communities from which they come. 

It is interesting to note that the word “mysticism” 
does not occur in the treatise. Yet the reader is likely 
to learn from this book more about the factors that 
produce mystic experiences than from many larger and 
more pretentious works which the reviewer might men- 
tion, and he hopes further works will issue from the 


author’s pen. After all, though m 3 rstic states may be 
essentially esoteric, there is no reason why knowledge 
about them should be. 



The Vaeieties op Tehperament; A Psychology of Con- 
stUutional Differences. 

By W. H. Sheldon^ wUh the collaboration of S. 5. 

Stevens. Harper and Brothers ^ New York. $4.50. 

9i X 6; X 4* 520; 1942. 

This is the second volume of a projected series of studies 
of constitution, the first one. The Varieties of Human 
Physique, appearing in 1940. The authors by statis- 
tical methods arrived at “three original clusters of 
traits” which were expanded to twenty traits each, the 
three groupings coming to represent polar mental con- 
stitutions and designated viscerotonia, somatotonia, 
and cerebrotonia respectively. Classical examples of 
these interesting types of temperament are measured on 
a quantitative 7 point scale, so that, for example, an 
extreme viscerotonic individual would have a rating of 
7-0-0; in like manner an extreme somatotonic of 0-7-0, 
and a cerebrotonic 0-0-7. The basic data rests upon 
examinations, carried over several years, of 200 indi- 
viduals, and whether by coincidence or because of more 
or less subconscious bias the three contrasting tempera- 
ments finally turn out to have some relationship to 
the somatotypes described in the first volume and re- 
ferred to as endomorphy, mesomorphy, and ecto- 
morphy. 

From the standpoint of clinical psychiatry, it cannot 
be said that this book offers any material which has not 
already been in general use in psychiatric chx:les begin- 
ning with the work of Kretschmer. It rests on sounder 
statistical basis. The authors’ description of the sixty 
traits included under the three headings is excellent. 
They discuss the possibility of constitutional change 
without coming to any definite answer, but express the 
opinion that the manner of expression of a temperament 
can be modified, hinting that this is the purpose of 
“civilization.” 

Lest the charge be raised that constitutional psy- 
chology is a fatalistic thing, the authors state: 

The aim is to develop every individual according to 
the best potentialities of his own nature, while pro- 
tecting him from the fatal frustration of a false persona 
and false ambitions. This is not fatalism, but natural- 
ism. Its end result is to increase, not decrease the 
individuars opportunities for accomplished living. 



Psychiatry in Medical Education. 

By Franklin G. Ebaugh and Charles A . Rymer. The 
Commonwealth Fund, New York; Oxford University 
Press, London. $3.50. 9i x 6t; xxiv -f 619; 1942. 
This book is the result of a survey made by the authors 
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to obtain a ^^factual picture in the United States of psy- 
chiatric teaching and of its progress, especially during 
the last decade.” It attempts ”to give an unbiased 
view of the present situation with regard to the content 
of the curriculum, the method of teaching, and the 
general status of psychiatric education.” The com- 
pleted volume represents an enormous amount of labor 
in the assembling of the data and painstaking care in 
bringing the work to fruition. Much of the material 
was furnished by a survey made in 1931-1932 of the 
psychiatric teaching in 66 medical schools in the United 
States and two in Canada. Additional data from ques- 
tionnaires, reports, articles, letters, personal communi- 
cations and conferences have rounded out the report. 

The chief value of the volume, aside from the general 
picture which it presents of the growing recognition of 
the importance of psychiatry in the teaching and prac- 
tice of medicine, is its usefulness as a reference work for 
deans of medical schools and heads of departments of 
psychiatry. It furnishes information not only on the 
types of courses in psychiatry and method of presenta- 
tion but on the teaching activities in psychiatric hos- 
pitals and the opportunities for postgraduate work in 
different institutions. Undoubtedly it will stimulate 
many of those schools that are lagging in their program 
in this field and it will also act as a check where enthu- 
siasm has led to over-development along certain tm- 
pioductive lines. 

In a Foreword, Adolph Meyer says: 

Dr. Ebaugh and Dr. Rymer offer a synthetic as wel 
as regional accounting with a real integration of the 
programs influencing not only the specific departments 
of psychiatiy but the permeation of the entire medical 
trainmg with the most significant advance of twentieth- 
century medical training — the consideration and col- 
laboration of the person of the patient and the social 
setting, and the penetration and coordination of the 
specialties which at times seem to threaten the perspec- 
tive of die technical developments. The entire trend 
of medicine calls for a degree of mutual understanding 
between the branches of medicine of the patient as 
person, for collaboration of the physician in a progrw 
of health, and for the intensive study of the specific 
factors in the public and individual needs of treatment. 



The Use oe Personal Documents in Psychological 
Science. Prepared for the Committee on Appraisal of 
Research, BnU^in 49, 

By Gordon W, AUport, Social Science Research 
Council, New York, $1.50. 9 x 6; xix + 210; 1942 
. (paper). 

The materials of this excellent monograph are organiased 
around three central topics, namely: (1) The use of per- 
acmal documents; (2) The forms of personal documents; 
and (3) The value of personal documents in psycho- 
logical research. 

Under the first topic, the author has discussed the 
attitude of various eminent psychologists and psy- 


chiatrists in the development of the trend of recognizing 
the importance of personal documents in psychological 
research. The list of purposes in which such material 
has been profitably used covers such a wide range of 
theoretical, practical, historical, and methodological 
interests that the field is certain to develop rapidly with 
sustained study and continued improvement. 

The values, as well as the dangers encountered in the 
use of each of the various forms of personal documents 
(autobiographies, questionnaires, verbatim recordings, 
diaries, letters, and personal expressions in the form 
of literature, art, music, etc.) are discussed under the 
second heading, and the need for further research is 
emphasized. 

A critical evaluation of the use of personal documents 
in psychological research makes up the third and last 
section of the work. The case both for and against the 
use of personal documents is strongly argued in an 
attempt to reach a common sense, middle-of-the-road 
attitude which will be conducive to critical, yet careful 
and sympathetic work. 

In conclusion, the author makes a plea for more bold 
and radical experimentation with personal documents; 
lists the pitfalls of which the workers in the field must 
continuously be aware; and suggests strong counter 
measures against the theorists who hold that personal 
documents are of little or no value in psychological 
research. 

The work is well documented, listing a bibliography 
of some 200 titles, and carries indices of names as well 
as subjects. 



Personality and Mental Illness. A n Essay in Psy- 
chiatric Diagnosis, 

By John Bowlhy. Emerson Books, New York, 

$2.75. 8x5i;viii-f-280;1942. 

Bowlby’s purpose in presenting his work in a somewhat 
incomplete state is in **the hope that it may stimulate 
others to undertake the research necessary to confirm 
or to modify my conclusions.” His observations “con- 
firm in principle a certain theory of typology, dispose 
of many common beliefs and suggest a new basis for the 
classification of the psycho-neuroses. ... An attempt 
has been made to review all the clinical material pub- 
lished in English, to collate it and to compare it with 
new observations.” The “gradation theory** is ac- 
cepted by the author. No attempt is made “to dis- 
cover hard and fast lines dividing healthy personalities 
which we meet with daily in our ordinary lives, per- 
sonalities stricken with neurotic symptoms and those 
people whose personalities have been completely de- 
ranged, whether temporarily or permanently, by psy- 
chotic changes, because it is believed that no lines 
exist.” The author holds that a knowledge of the total 
personality traits furnishes a more satisfactory method 
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for classification and diagnosis than an appraisal on 
particular symptoms. 

The method of presentation of the material is as 
follows: (1) An examination of the work which has 
already been done in studying personality and relating 
it to neurosis and psychosis; (2) a schedule of per- 
sonality traits which the author regards as significant 
in distinguishing the major types of personality; (3) 
tabulation of these traits for 36 patients who have 
suffered from a psychosis; (4) isolation of 33 traits which 
are believed to have special significance for diagnostic 
purposes; (5) description of certain personalities which 
are regarded as typical of certain groups of unstable 
personalities; (6) tabulation of the traits for another 29 
patients suffering from neurotic S3miptoms; (7) tenta- 
tive conclusions as to the relationships of certain per- 
sonality types to neurotic and psychotic syndromes and 
suggestions of some revision of the present grouping 
of the neuroses. 

This is a stimulating and thought-provoking book. 
It contains much clinical material that will be useful 
to the psychologist. In two appendices are given (a) 
the specificity of 33 schizoid traits and (b) 72 non- 
specific traits. There is a bibliography of 79 titles 
and a useful working index. 

m 

Companion Dog Training: A Practical Manual on 
Systematic Obedience; Dog Training in Word and Picture. 

By Hans Tossutti. Orange Judd PMisking Com- 

pany, New York. $2.00. 7} x SJ; 226; 1942. 

The author of this book does not advocate that the 
extension of one of the rules of our public school system, 
namely the compulsory training of children up to a 
certain age, be applied to dogs, but those who read his 
book understandingly, or, indeed, those who are aware 
of the fine results obtainable in careful dog training, 
can appreciate what a rule of this kind would mean — 
not only to dog owners and their neighbors but to the 
animals themselves. Perhaps it will be in this direction 
that the S.P.C.A. will next l^nd its efforts! 

Tossutti has had wide experience in dog training both 
in Europe and in this country. He emphasizes the 
importance of knowing how to teach individuals how to 
train dogs. Not all dogs are equally satisfactory for 
training: some breeds are better fitted, temperamen- 
tally, than others, yet all dogs, if carefully and sympa- 
thetically handled will yield to some kind of schooling. 

The first five chapters of the present book serve to 
give the reader a general viewpoint concerning the 
psychology of dog training, equipment needed, praise 
and punishment, puppy education, and obedience. 
Then follow 12 lessons, each one dealing in detail with 
some one phase in schooling. The last seven chapters 
deal with more advanced work such as obedience tests, 
trailing or tracking, and correction of bad habits. 
Many illustrations are included in the text and the 


volume is provided with a brief but comprehensive 
index. 

The volume will be especially welcomed by those dog 
owners who are so situated that they are unable to 
attend the training classes which are being established 
in increasing numbers in the larger towns and cities in 
this country. 



Contributions to a Psychology of Blindness. 

By Samuel Perkins Hayes. A merican Foundation for 

the Blind, New York. $2.50. 9i x 6|; viii 296; 

1941. 

This is a comprehensive treatise on the problems in the 
psychology of blindness, disposing of the fiction of the 
vicariate sensory compensation, and an excellent r6sum6 
of the thought and experimental work on “facial vision” 
or the sense of obstacles, which seems finally to be the 
result preeminently of auditory discrimination and to a 
lesser extent perhaps of tactual perceptions. Blind 
children are shown not to have any superior memory, 
and the presence of superiority is related to a special 
interest in the subject matter. There is also evidence 
that schools for the blind are not getting poorer mental 
material than was the case before blindness from birth 
infection was sharply reduced. 

The second part of the book has to do with the adap- 
tation of test materials for use among the blind in the 
study of special psychological assets. One gets from 
this review a hint of very serious difficulties which the 
handicap of blindness imposes on testing methods. 
Particularly important is the slowness with which blind 
subjects read. In a study of the influence upon school 
success of the age at which vision was lost, no positive 
correlations were established. 



DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

Science and Sanity. An Introduction to Nonr-Aristo- 
telian Systems and General Semantics. Second Edition. 
By Alfred Korzybski. Science Press Printing Com- 
pany, New York. $6.00. 9i x 6; Ixxi -|- 806; 1941. 
The first edition of this work appeared in 1933. Since 
then such advances have been made in Semantics that 
a revised edition has become inevitable. 

It is interesting to contrast this voluminous work 
with Hayakawa’s brief essay Language in Action re- 
cently reviewed in these columns. The latter writer 
adheres closely to his text and gives us a highly concen- 
trated solution of Semantics, yet without ever using 
that term; Korzybski, on the other hand, employs the 
word frequently but dilutes his discussion with extra- 
neous matter whose relation to the discipline usually 
associated with the author’s name seems somewhat 
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remote. A peculiar diffuseness of literary expression is 
the result. Some critics may take exception to this 
but the average reader who may have only the haziest 
idea as to what Semantics is all about is likely to find 
the resultant digressions refreshing. 

A clew to the explanation of this form of writing is 
to be found in Korzybski’s own definition of Semantics: 
**the application of some methods of exact science to the 
solution of human problems.” Such a definition is 
sufiiciently broad to cover practically eveiy field of 
learning, and the crowded entries in the 18-page index 
seem to indicate the desire of the author to effect just 
such a coverage. Korzybski has an encyclopedic mind 
that recalls that of Karl Pearson, who expanded the last 
edition of the Grammar of Science in the same way. 
Like Pearson, Korzybski is quite at home in the theo- 
retical abstractions of such scholars as Planck, Einstein, 
Minkowski, Morgan, Jung, Veblen, etc. (Strangely 
enough, the name of that almost universal genius, Forel, 
is lacking from the bibliography of 619 items.) 

To the present reviewer it appears that in some re- 
spects his work merits adverse criticism. In order to 
economize on paper and ink (a worthy ambition in these 
days) the author has had recourse to multitudinous 
abbreviations, which impede the reader’s effort to get 
the drift of the author’s thought. For instance, the 
term **non-aristotelian” is represented by a capital A 
surmounted by a macron, and the familiar ‘‘etc.” 
gives ground to a combination of punctuation marks 
whose extensional meaning is likely to evade the reader. 
It is true that most of these abbreviations are explained 
in the text, but the explanations are buried in one of the 
earlier chapters where they are difficult to find when 
needed. 

It is something of a shock to find the ambiguous 
expression “and/or” sprinkled so lavishly through these 
pages. These words have different meanings, and the 
device of so combining them is frequently resorted to 
by writers who are either uncertain as to which one they 
mean, or who do not wish to commit themselves irre- 
vocably to either possibility. Neither of these explana- 
tions apply here. 

Finally, it must be remembered that printed marks 
on a page are merely symbols of spoken words ad- 
dressed to the ear, which can apprehend them only one 
at a time. The meaning of vocal sounds depends on 
the order in which they are apprehended, afid the 
printed symbols must follow the same order if they are 
to convey the same meaning. (Our practice of saying 
“eighteen” and writing “18” is not an exception, for 
“18” is not a phonetic but an arithmetic symbol.) A 
monodimensional scheme is not adequate to the com- 
plexity of Kor^bski’s thoughts, and he finds it neces- 
sary to intnxiuce at times a vertical relationship in 
addition to the more familiar horizontal one between 
pairs df words. His symbols are addressed to the eye, 
not the ear, consequently the book should not be read 
aloud, and is not intended to be. The author is of 


course the best judge as to how his thoughts may be 
most clearly represented on the printed page, but in 
this case he has resorted to a device among whose re- 
sults is an inevitable increase in esotericity. 

Finally, a word is needed to explain why vengeance 
for the evils of modern civilization should be visited 
on Aristotle. The philosophy of Aristotle is essentiaUy 
one of dichotomy. The universe consists of such op- 
posed entities as motion and rest, force and matter, 
time and space, and body and soul. But modem 
physicists tell us that motion and rest are relative, not 
mutually exclusive, states; that force and matter are 
merely manifestations of a single underlying reality; 
that time and space are not separate continua but dif- 
ferent dimensions in the same continuum; and while 
the synthesis of body and soul cannot yet be demon- 
strated it may be accepted as an article of faith. One 
wonders what the response of the Stagirite would be if 
he could read this book. 



The Boylston Street Fishweir. A Study q/ the 
Archaeology f Biology^ and Geology of a Site on BoylsUm 
Street in the Back Bay District of Boston, Massachusetts, 
Papers of the Robert Peabody Foundation for Archaeology, 
Volume II, 

By Frederick Johnson in collaboration with Henry C, 
Stetson, Frances L, Parker, William J, Clench, and 
others. Published by the Foundation, Phillips Acad- 
emy, Andover, Massachusetts, $2.00. 9} x 6{; xii -f- 
212 -f- 13 plates -j- 1 folding map; 1942 (paper). 
It is pointed out in the introduction that the term “fish- 
weir can only be used as a convenient name for this 
assemblage of vertical stakes and horizontal brush- 
wood” found in an area of about two acres lying roughly 
30 feet below the present level of the Back Bay region 
of Boston. The top 18 feet of the area consists of sand 
and gravel added between the years 1856 and 1894 to 
fill in the marsh and mud fiats of the Charles River. 
The next 13 feet consists first of a top layer of peat, then 
a layer of silt, a shell layer (4} feet below the upper peat 
layer), more silt, then at a depth of 13 feet another shell 
layer in which first appear the tops of the stakes of the 
Fishweir. At varying levels below this — 2 to S or more 
feet — ^is found a lower peat layer and an underlying bed 
of blue clay in which the lower ends of the stakes are 
embedded. 

That the Fishweir was built by human hands there 
can be no doubt; also, that it was built when the sea 
level was considerably below its present level there can 
be no doubt. It is estimated that more than 50,000 
stakes, sometimes placed in groups and sometimes 
singly, with horizontal bundles of brushwood forming 
the side walls, were used in its construction. At present 
no attempt to place the date of the construction of the 
Fishweir is made but from certain evidence it is quite 
possible that it was built sometime previous to 3,000 
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B.C*» at about which time it is estimated that the land 
commenced to submerge. The presence of the Fishweir 
first became known in 1913 when excavations were being 
made for the Boyiston Street Subway. 

The present study is divided into three parts; (1) 
The excavation of the Fishweir; (2) Analysis of materi- 
als from the building excavation. This includes me- 
chanical analysis of the sediments and the identification 
of foraminifera, mollusks, oysters, diatoms, identifica- 
tion and physical condition of the stakes and wattles of 
the Fishweir, chemistry of ancient beech stakes, pollen 
analysis of the lower peat layer and of the silt, and the 
tentative dating of the deposits; (3) A discussion of the 
implications and significance of the data from the build- 
ing excavation. 

The text is accompanied by many fine photographic 
plates illustrating details of the excavations, microscopic 
examinations of stakes, diatoms, pollen, etc., and figures 
showing geological deposits, plan of Fishweir, and pollen 
profiles. Much data is given in tables concerning the 
occurrence of different species of plant and animal life 
in the sediment and in an appendix the construction of 
modem fishweirs is discussed in order to throw light on 
this ancient structure. (Modem techniques in the 
study of ancient wood have so far advanced that Baily 
and Barghoom, in their discussion of the stakes and 
wattles of the weir find good evidence for their statement 
that ^^the weir appears to have been constructed and 
repaired during the spring.*’) A bibliography of 67 
titles is also included. 



Science for the Prosecution. 

By Julius Grant. Chapman and HaU, London. 15s. 

net. 9ix5i;vi-f 302; 1941. 

This is a semipopular but nevertheless scholarly treat- 
ment of the methods used in criminological work. It 
will appeal to the intelligent general reader, the lawyer, 
and those having to do in a professional way with phys- 
ics, chemistry and pathology. Each chapter is provided 
with a reading list for those who wish more information 
on any particular phase of the subject. 

Grant has provided an interesting introductory chap- 
ter on the scientific approach to crime in which he 
discusses forensic science laboratories in England and 
the need for a National Medico-Legal Institute. 

Minor criminals however, have minor objectives; 
it is the major criminals who hunt the biggest game, and 
their methods are entirely different. From the scien- 
tific point of view they may be specialists in their own 
sphere, and by continual study they may so perfect their 
technique as to become the foremost exerts in the 
science of their own particular 'line*. Such cases there- 
fore, must be dealt with by experts of equal standing on 
™ other side of the fence, and in the past at any rate, it 
has not infrequently happened that such counter-ex- 
perts have not been immewtely available. 


Nearly a third of the book is devoted to a discussion 
of optical methods of investigation with special chapters 
on ultra-violet rays, infra-red rays, spectroscopy, X- 
rays, and the microscope and camera. Combinations 
of these methods frequently yield remarkable results, 
as in the following example: fibres of certain paper 
appear identical when examined under the microscope 
or when stained or treated by chemicals. However, 
the use of filtered ultra-violet light in conjunction with 
the microscope will make it possible to ascertain 
whether the same combination of fibers is used in one 
paper as in another. 

No attempt has been made to deal exhaustively with 
chemical methods in use in criminology but an interest- 
ing general discussion of the subject is given and many 
examples of crime detection are explained. The sec- 
tion on blood group tests and serum analysis gives the 
latest results in this field of research and define clearly 
the uses and limitations of the tests in problems of hered- 
ity and disputed paternity. Finally, the r61e of the 
psychologist in criminology is discussed. The author 
here is thoroughly aware of the opportunities which are 
opening up in this field of approach and many of the 
attendant difficulties. It is his belief that an important 
r61e for the psychologist is in the advice which he may 
give as to the nature of the punishment, this being 
based on a study of the mentality of the offender rather 
than the crime which he committed. 



The History and Evolution of Surgical Instru- 

ICENTS. 

By C. J. S. Thompson with a Foreword hy Chauncey 

D. Leake. Schumanns, New York. $8^0. lOf x 

6}; 113; 1942. 

This interesting survey, by the curator of the Royal 
College of Surgeons, is based on the collection of surgical 
instruments that had been accumulated within the halls 
of the institution’s bmlding. This structure was largely 
destroyed by Nazi bombing in the spring of 1941 and 
little now remains of the once priceless collection of in- 
struments. Fortunately some accounts had previously 
been published and Thompson had already prepared 
much of the present volume, so that there is now pre- 
served a complete record of the famous collection which 
depicted in so remarkable a manner the development of 
the technique of surgery from the earliest known records 
down to modem times. 

It is not until the Roman period, at the beginning of 
the Christian era, that the actual instruments used by 
surgeons are found. Chiefly we know of the instru- 
ments of earlier periods through descriptions given by 
classical authors and representations in marble and 
stone. The earliest known representation of the scalpel 
is on a sculptured tablet of stone (date probably 3(X) 
B.C.), yet Thompson says that "the cutting knife or 
scalpel . . . was probably the earliest instrument used 
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by the sui^n.” Roman scalpels frequently em- 
braced two instruments in one — a scalpel at one end 
and a scoop or spoon at the other. They were usually 
entirely of metal and the “handles of some of the Roman 
instruments are often finely worked and occasionally 
damascened with silver.” Handles of wood and bone 
appeared about the 14th century. After Lister’s time 
the all metal surgical instrument returned. 

In the first century of the Christian era we have the 
first description, by Aulus Cornelius Celsus, of the am- 
putation of a limb. The knife, judging from specimens 
found at Pompeii, was probably like a large scalpel with 
a steel blade and bronze handle. Many illustrations 
are given in the book of amputation knives, from the 
early straight blade through a whole series of curved 
(concave and convex) blades to the time of Liston 
(1794-1847) who established the use of the long straight 
blade (14} inches long and 1} inches deep). Although 
the saw as used in surgery passed through many differ- 
ent types “no radical change has been made in the saw 
used in amputations, and it still remains veiy similar in 
shape to the tool employed in ancient times.” 

In addition to the chapters on the scalpel, the ampu- 
tation knife, and the saw, there are sections on the 
trepan, vaginal dilators and speculum, head saws, for- 
ceps (artery and dressing), bullet-forceps and Extractors, 
instruments for phlebotomy and venesection, trocars, 
and operating tables. The volume is handsomely 
printed and illustrated and is provided with a general 
index. 

The Men Who Make the Fxjtuke. 

By Bruce Bliven, DueU, Sloan and Pearce, New York, 

*2.75. 8} X 5i; xiii + 325; 1942. 

In this book, written for the general public, the author, 
a journalist not a scientist, sets out to demonstrate that 
the scientists more than any other group are the men 
who make the future and are in a position to rescue civi- 
lization, if they only will. Why, he asks, has the body 
of scientific knowledge, for all the changes it has 
wrought in the fabric of everyday life, thus far made so 
little impression on the course of human destiny? It is 
suggested that a beginning of the application of science 
to the affairs of the world be made even if it is on a small 
scale only. 

The material for the book was acquired by visiting 
numbers of research laboratories all over the country 
and interviewing people actively engaged in various 
kinds of research. While the greater part of the book 
is concerned with giving a survey of the more receikt and 
exciting discoveries in the fields of genetics, physiology, 
chemistry, ph 3 rsics, astronomy, medicine, etc., consider- 
able attention is given to the men themselves and their 
attiindes towards civilization and its problems. 

Mr. Bliven states that he found the scientists on the 
whole rather optimistic regarding the future. They 


do not believe that civilization is perishing but rather 
on the threshold of a new and better existence. Men 
must soon realize how foolish it is to kill each other for 
the acquisition of raw materials and natural resources 
which can be produced easily and abundantly in the 
laboratory. In one chapter we are given a glance at 
this world of tomorrow when the many products of the 
laboratory are brought into the practical realm of every 
day life. 

The book is written in an interesting style and should 
appeal to the la 3 rman interested in the achievements of 
science but who neither has the time nor the technical 
knowledge required for reading the many scientific 
periodicals. Portions of the book have already been 
published in the New Republic and The Reader's Digest 
and have no doubt been widely read. 



An English 13th Century Bestiary. A New Dis- 
covery in the Technique of Medieval Illumination. 

By Samuel A, Ives and HeUmut Lehmann-Haupt. 

H. P. Kraus, New York, $1.85. 10} x 7}; 45 -f 8 

plates. 1942. 

The subject of this book is a Latin manuscript copy of 
Physiologus, now the property of H. P. Kraus of New 
York. Its illustrations have been pounced. 

Pouncing was a method of mass production of illus- 
trations before the invention of printing. The illustra- 
tion to be pounced was perforated by pin pricks along 
the lines of its pattern, and then placed against white 
parchment. Powdered charcoal was then rubbed over 
it, penetrating the perforations and so transferring the 
design to the parchment. 

The pin pricks in the pattern of each illustration 
perforate through the following illustrations, indicating 
the pouncing was done after the book was bound. Since 
each illustration bears the pounce marks of the previous 
ones, it follows that the reproductions could not have 
been made directly from the originals, but that the 
pounced copy was the master stencil. The application 
of charcoal would have ruined the hand-colored illustra- 
tions, and the latter show no indications whatever of 
such treatment. 

The text pages are not perforated, which seems to 
indicate that they were not part of the book when the 
pouncing was done. The present binding is therefore 
not the original. The author’s study has led him to 
believe that the binding dates from the 15th century, 
the text from the 13th, and that the illustrations are 
still older, and were separately bound when the pounc- 
ings were made. 

Photographic reproductions of some of the original 
figures and of one page of text add much to the interest 
and value of this work, which consists of a description 
of the original manuscript and a discussion of its prob- 
able lineage and its relationship to 16 other Physiologus 
manuscripts. 
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Adventures in Scenery. A Popular Reader of Cali- 
fornia Geology, 

By Daniel E, Willard, The Jaques CatteU Press, Lan- 
caster, $3.00. 9i X 6}; 438; 1942. 

This volume may be best classified as a popular reader 
of California geology. In it the author has gathered 
together the results of many scientific investigators, 
interpreted them and presented them in a non>technical 
form simple enough to interest the general reader. Ge- 
ology of the western coast, not only of California but of 
adjacent regions, lends itself easily to such popular 
treatment. 

The story of California is complicated. The real 
history goes back through the geologic ages. All that 
is now l^fore us is the product of what hak gone before. 
The rugged mountains, the splendid canyon gorges, the 
gold washed from stream beds or dug from haid rock 
veins, the broad expanse of the great Interior Valley, the 
fields and fertile valleys in which are grown the marvel- 
ous variety of farm crops, fruits, vegetables, and nuts, 
... all are the product of the great geologic laboratoiy 
which is now called California. The geological story is 
long. Time has been long. California as we now see 
it is the product of a long past. 

After a discussion of the principal geologic features 
and the processes involved in producing the varied 
coast line, mountains, valleys, deserts, fertile lands and 
the exceedingly varied climate, etc., the author in a 
section entitled ^‘Geology from a motor car” devotes 
considerable space to a ^^Guide for tourists.” Eight 
auto tours are outlined which take in most of the points 
of particular scenic interest 

The many photographs and drawings add interest to 


the text. A bibliography, a glossary and an index are 
included. 



Science and Man. Twenty-Four Original Essays hy 
Alei Hrdlitka, Reinhold Niebur, Jacques Maritain, Al- 
fred E. Cohn, Arthur H, Compton, Harold C, Urey, el al. 
Edited, with an Introduction and Conclusion hy Ruth 
Nanda Anshen, Harcourt, Brace, and Company, New 
York, $4.00. 8i X 5i; viii + 494; 1942. 

Often during periods of upheaval, an uneasiness on the 
part of thinkers concerning the pass to which mankind 
has come is reflected in statements on the vagaries of 
human thought and in programs to set it on the right 
tract. It is not surprising, therefore, that the present 
volume should appear at this time. Twenty-four 
leaders in modem science have contributed original 
essays to a discussion of the place of science and its 
achievements in the world of man and have endeavored 
to point out the paths to be followed if science is to be 
man’s servant rather than man’s master. 

Among the contributors are AleS Hrdli(ka, the broth- 
ers Compton, the late Bronislaw Malinowski, founder 
of a school of the science of man, Julian Huxley, Walter 
B. Cannon, to mention a few of the more outstanding. 
The essays are divided into groups such as Science and 
the universe; Science and society; Science and inter- 
nationalism; Science and the individual, etc. 

An introductory chapter and a conclusion are con- 
tributed by the editor, Mrs. Anshen. This volume is 
the second in the Science of Culture Series. The book 
is well indexed. 
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